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Fiftieth Annual Meeting of the 
American Association of Economic Entomologists 
Indianapolis, Ind., December 27-31, 1937 


All sessions of the annual meeting will be held in the Lincoln Hotel, 
which is the Association headquarters. 

The Entomological Society of America will hold its meetings on the 
same floor of the Lincoln Hotel on December 28 and 29. 

The public address of The Entomological Society of America will be 
the feature of the Entomologists’ Dinner to be held on Wednesday night 
at 6:30 p.m. Professor P. J. Parrott will be the speaker. 

Exhibits will be staged in Parlors D, E and F. Meetings of the en 
tomologists will be held in the Travertine room; The Entomological So 
ciety will meet in the Lincoln room. 

The Plant Quarantine Section will be held in the Lincoln room on 
Thursday. Other conferences will be held as designated in the program, 
or the place of meeting will be announced. 

[Any author who is expected to take part in the annual program, but who 
finds that he is unable to present his paper or have it presented, should notify 
the Secretary, Dr. E. N. Cory, at once.| 


PROGRAM 


W. P. Furnt, Chairman of Program Committee 
we 


Monday, December 27 


:30 p.m. Codling Moth Conference. B. A. Porter, Chairman, Lin- 
coln Room. 


7:00 p.m. Tobacco Insect Council. W. D. Reep, Chairman. Lincoln 
Room. 


8:00 p.m. Executive Committee meeting, 


8:00 p.m. Reception for President of the American Association for the 
Advancement of Science following address of retiring Presi 
dent, Dr. E. G. Conky. 





Tuesday, December 28 
SECTION OF APICULTURE 
9:30 a.m., Travertine Room 
Epwin J. ANpEeRSON, Chairman W. A. Price, Secretary 


Appointment of Committees on Resolutions and Nominations 
Address of the Chairman. A Review of Beekeeping Conditions. Epwin J. 
ANDERSON, State College, Pa. 
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1. Future Developments in Equipment for Heating and Bottling 
Honey. Epwin J. ANDERSON, State College, Pa. 

2. Environmental Factors and Size Variations in Honeybee Append- 
ages. S. E. McGrecor, Washington, D. C. 

3. Effect of Subzero Temperatures on Queenbees. Wituiam C, 
Roperts, Washington, D. C. 

+. Further Studies of Wintering Bees in North Carolina. F. B. 
Meacuam, Raleigh, N. C. 

5. Growth and Development of the Female Bee. R. M. Metampy, 
EK. R. Wiis and S. E. McGrecor, Washington, D. C. 

6. Chemical Composition and Vitamin Content of Royal Jelly. R. M. 
Metampy and ID. B. Jones, Washington, D. C. 

7. Observations on the Resistance of Honeybees to European Foul- 
brood, C. E. BurNnstpr, Washington, D. C. 

8. Relationship between the Number of Inspections and Occurrence 
of American Foulbrood in Texas. F. L. Tuomas and C. E. Hearp, Col- 
lege Station, Tex 


9. Results of Survey to Determine Losses among Bees Due to Cotton 
Dusting Operations. F. L. Tuomas, C. E. Hearp and C. J. Buran, 
College Station, Tex. 

10. Vitamin Content of Bee Foops. I. Vitamin E Content of Royal 
Jelly and Bee Bread. M. H. Haypak and L. C. Patmer, St. Paul Minn. 


11. Maryland Extension Schools in Bee Culture. GeorGce J. ABRAMs, 
College Park, Md. 

12. Collecting Red Clover Pollen by Honeybees. (3 min.) W. E. 
Dunnam, Ohio Experiment Station and U. 8. Department of Agricul- 
ture. 

13. Extent of Pollinating Activities on Red Clover by a Colony of 
Honeybees. (4 min.) W. E. Duxuam, Ohio Experiment Station and 
U.S. Department of Agriculture. 


we 

PEA APHID CONFERENCE 
W. P. Furnt, Chairman 

10 a.m. (Room to be announced ) 


DISCUSSION 


in Illinois. W. P. Furnt and L. H. Suropsuire 
in Maryland. Ernest N. Cory and C, GRaHAM 
Pea Aphid Control) in Michigan. Ray Hutson 
Experiments in New Jersey. T. J. Heavier and B. B. Peprer 
in New York. P. J. Parrort and HuGu GLascow 
in Wisconsin. J. E. DupLey and T. E. Bronson 
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General Observations on Pea Aphid Control Measures for 1937. W. H 
Wuire and Neace F. Howarp. 


we 
GENERAL SESSION 
12 noon, Travertine Room 
Call to Order by the President. 
Appointment of Committees on Resolutions and Nominations. 
Report of Committee on Constitution and By-Laws. 


Preside ntial Address. The Relation of Entomology to Conservation 
F. C. Bisnopp, Washington, D. C. 


2:30 p.m., Travertine Room 


Joint Session with The Entomological Society of Ame rica. tA mposium on 
The Relationship between Insects and Plant Diseases. O. A. Jo 
HANNSEN, presiding. 


1. Insects in Relation to Diseases of Truck Crops. A. A. GRANOVSKY, 
St. Paul, Minn. 
Discussion Leader, D. M. DeLonc, Columbus, Ohio 


2. Insects in Relation to Diseases of Fruit Trees and Small Fruits 
L. O. Kunxet, Princeton, N. J. 
Discussion Leader, E. M. Searus, Madison, Wis. 


3. Insects in Relation to Diseases of Shade and Forest Trees (Film on 
Bark Beetle Blue Stain). J. G. Leacnu, St. Paul, Minn. 
4. Insects in Relation to Diseases of Cereal and Forage Crops. F. W 
Pe 108, Rosslyn, Va. 
Discussion Leader, J. W. Incram, Houma, La 


5. Problems Involved in Control of Plant Diseases and Insects. N. E 

Strevens, Urbana, Ill. 
fe 
SECTION OF EXTENSION 
8 p.m., Travertine Room 

T. H. Parks, Chairman L. H. Suropsnire, Secretary 
Symposium on Agencies for Extending Entomological Information 

1. Commercial and Agricultural. T. H. Parks, S. C. McCampsBe tu. 

2. Press. C. B. Dissie, G. C. Decker. 

3. Bulletins and Circulars. R. W. Letpy, Geo. D. Jones. 

4. Radio. W. P. Furnt, H. L. Parten. 
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5. Visual Instruction. G. E. Lenker, R. R. Reppert, H. E. Hopea- 
<ISS. 
6. Demonstrations. W. C. NETTLEs. 
7. Can We Adopt Uniform Methods for Measuring Results in Ento- 
ological Practice? M. P. Jones. 
Election of Officers 
{djournment 


we 
EXECUTIVE COMMITTEE 
‘ p.m. 


Presentation of committee reports except those which are scheduled 
for the final business session. 





Wednesday, December 29 
GENERAL SESSION 
9:30 a.m., Travertine Room 
Reports of Executive Committee and Secretary. 


Report of the Nominating Committee on Nominees to Standing Committees. 
Election of Nominees. 


1. Biological Disposition of Rotenone after Ingestion by the Southern 
\rmy worm. P. A. Woke, Beltsville, Md. (By title only.) 


2. Hibernation of the Cotton Bollworm, Heliothis obsoleta (Fabr.) (12 
min.) R. K. Ftercuer, College Station, Tex. 


Spring emergence of moths from and the winter survival of pupae in several 
different soils under different conditions of drainage 


° 
—. 


Comparative Resistance of Different Varieties of Sweet Corn to 
Injury by the Corn Earworm at Norfolk, Va. (10 min., lantern.) Harry 
G. WALKER and Lauren D. ANpErson, Norfolk, Va. 


More than 50 varieties of sweet corn have been tested for earworm at Norfolk, 
Va., during the last four years. Such varieties as Honey June, Surcropper Sugar, 
Texas Evergreen, Early Snowflake, Redgreen Hybrid, Georgia Early and Late, 
Truckers Favorite, and Norfolk Market were quite resistant, while other varie- 


ties such as Spanish Gold, Golden Early Market, Early Surprise, and Golden 
Sunshine were very susceptible to injury by this pest. 


4. Studies in Grasshopper Increase. (5 min., lantern.) LEoNarD Hasse: 
MAN, Columbia, Mo. 


Since 1935 there has been each year a definite building up of populations of 
four destructive species, M. mericanus, femur-rubrum, differentialis and bilineata. 


5. Peanut Pouts. (5 min. lantern.) Z. P. Mrercaur, Raleigh, N. C. 
A discussion of the importance of the bean leafhopper as a pest of peanuts 











820 AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


6. Two major pests of Cotton in Pernambuco, Brazil. (15 min., lan 
tern.) Louis Pyenson, Ithaca, N. Y. 


Larvae of Gasterocercodes gossypii Pierce burrow in the cambium and xylem 
of the cotton roots, weaken the plants and cause the death of many before they 
bear a crop. 

Adults of Chalcodermus bondari Marshall make a ring of punctures around 
growing tips, flowers stems and the leaf petioles of the cotton plants. This injury 
severely stunts the plant's growth and kills young seedlings. 


7. Infestation of Aegilops spp. and Aegilops-Wheat Hybrids by the 
Hessian Fly. (5 min.) Etmer T. Jones, Manhattan, Kans. 


The reaction to Hessian fly infestation of 11 species of Aegilops and 12 Aegilops 
wheat hybrid selections is discussed. Most species and selections are susceptible, 
but a few are highly resistant to the Hessian fly. These susceptible grasses are 
important potential hosts of the fly. 


8. Comparative Resistance to the European Corn Borer of Two Hy- 
brid Strains of Field Corn at Toledo, Ohio. (10 min.) L. H. Patenu, 
Toledo. Ohio. 


Field experiments carried on in 1936 and 1987 under the direction of the labora- 
tory at Toledo, Ohio, included the top-crossed hybrid field corn strain Mich 
No. 561. This strain has been reported to be resistant to the European corn borer 
In comparison with standard strains of about equal season requirements known to 
possess no inherent resistance to the corn borer, and tested by proven methods 
of inducing infestations by hand, Mich. No. 561 was found not to be relatively 
borer resistant with respect to the number of mature borers surviving from a 
given number of eggs. In other experiments Mich. No. 561 was found not to be 
borer resistant with respect to the deposition of eggs by the moths in nature, nor 
to the reduction in the yield of grain by a given number of borers compared with 
the reduction expected of strains of equal yielding capacity. 


9. Effects of Certain Insecticides on Phyllophaga hirticula (Knoch 
(Coleop. Scarabaeidae). (5 min.) C. L. Fuuxe, T. R. CuampBerwin and 
LEE Seaton, Madison, Wis. 

Acid lead arsenate or the proprietary coated lead arsenates are more effective 
in killing the bettles than certain other arsenicals. Males died more readily than 
females. Arsenicals stimulated oviposition, while check cages delayed it. Less 
amounts of foliage were eaten when sprayed with lead arsenates than when 
treated with any other material. 


10. Annual White Grub, Ochrosidia villosa (Burm.), in Ohio Lawns. 
(10 min., lantern.) C. R. Nerswanper, Wooster, Ohio. 


For the last three years the annual white grub has been found to be particu- 
larly abundant and destructive to lawns over the eastern half of Ohio. This paper 
deals with the relative distribution of the species within the state, its economic im- 
portance, and the methods of control that have been tested 


11. Observations on the Horizontal Distances Travelled by Melanotus 
larvae (Elateridae). Harry R. Bryson and Frep S. KruGcer, Man- 
hattan, Kans. (By title only.) 


Field and insectary studies of wireworms to determine the rapidity with 
which they disperse from a given center show that larvae of the genus Melanotus 
were slow to migrate from a center of dispersal. The observations indicate that 
the larvae travelled no farther than necessary to find food and the search con- 
sisted largely of random movements. 


12. Field Status of European Corn Borer Parasites at the Close of 


7) 
1936. (10 min.) W. A. Baker and W. G. Brap.tey, Toledo, Ohio. 

















PROGRAM—FIFTIETH ANNUAL MEETING §21 


A summary of the status of parasites of the European corn borer in the United 
States as reflected by percentage of parasitization at selected liberation localities. 


13. Status of the European Corn Borer in 1937. (10 min.) W. A, 
baker and A. M. Vance, Toledo, Ohio. 
Résumé of the known distribution of the European corn borer in the United 
States, and discussion of its abundance in 1937 as determined from surveys of 
corn and potato fields 


14. Serious Outbreak of the Tobacco Flea Beetle, Epitrix parvula 
Fab., in Virginia. (5 min., lantern.) W. J. Scuoenr, Blacksburg, Va. 
The tobacco flea beetle occurred in uausual numbers in a restricted area in the 
state. Principal damage occurred at transplanting time. Leaves of many plants 
were consumed and large numbers of larvae occurred on the roots. In addition 
to flea beetles the disease blue mold was also present 


1:30 p.m., Travertine Room 


15. The Literature of American Economic Entomology. (15 min.) 
EK. P. Feit, Stamford, Conn. 
\ discussion of the development, importance and trends of our current litera- 
ture. 


16. Terms: Brood and Generation. (5 min.) J. A. Hystop, Washing- 
ton, D.C, 
Object of this paper: Presented with the hope that it will lead to a fruitful dis- 
cussion that may eventually result in the Association’s adopting definitions for 
these two terms 


17. Temperature and Codling Moth Oviposition. (8 min., lantern.) 
Dwicut Isery, Fayetteville, Ark. 
Presentation of data showing the effect of temperature, particularly in sum- 
mer, on oviposition by the codling moth. 


18. The Kind of Light Most Attractive to Codling Moth. (10 min.) 
G. Epw. Marsuauw, Orleans, Ind. 

For the last four years field and laboratory light tests have been conducted for 
the purpose of finding the kind of light that is the most attractive to the codling 
moth. The 1937 field work has been a study of the intensities using 1000-hour 
100-watt lamps, the resistance modifications of which have produced lamps which 
would have 25, 100, 500 and 1000-hour lives respectively. Such modifications 
changed the spectral distribution. In the laboratory work many different kinds 
of lights were used, some of which were new, having been prepared especially 
with these tests in mind. These laboratory tests were conducted using constant 
voltage, controlled identical and measured lamp output in lumens, newly emerged 
codling moth adults, a knowledge of the spectral distribution of the lamps used, 
and the elimination or inclusion of certain spectral bands when desired. 

The results of these field and laboratory tests may be concluded as follows: 
The principles of most importance in the attractiveness of lights to the codling 
moth are (a) intrinsic brilliancy; (b) the size of the luminous body; (c) the color 
of the light. 


19. Comparison of Tank-mix Nicotine-Bentonite-Soybean Oil and 
Lead Arsenate Sprays for Control of Codling Moth. (15 min., lan- 
tern.) L. F. Sterner and R. F. Sazama, Vincennes, Ind. 

A tank-mix combination of nicotine sulfate, bentonite, soybean oil and sodium 
lauryl sulfate provided control of codling moth equal or superior to that obtained 
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by the lead arsenate schedule. Field tests in 1937 involved its use on more than 100 
acres with three orchards and six varieties represented. The combination has 
been outstanding for four years among numerous fixed-nicotine and other prepa- 
rations tested with laboratory and field-sprayed fruit to which more than a mil- 
lion newly hatched larvae have been applied 


20. Comparative Tests of Fixed Nicotines and Lead Arsenate against 
Codling Moth. (5 min.) Ray Hutson, J. M. Merritt and Frank 
PARMELER, East Lansing, Mich. 

Comparative randomized replicate tests of various fixed nicotine combina- 
tions, with and without oil and lead arsenate, in a heavily infested orchard reveal 
that fixed nicotine combinations gave field control of codling moth under the 
experimental conditions without the necessity of washing. 

The effectiveness of the various nicotine combinations is considered in the 
light of differences in timing, adjuvants, larval injury and foliage, foliage toler- 
ance and fruit resulting from the sprays. 

Results of commercial application of one of the more promising nicotine com- 
binations is presented in confirmation of the plot tests. 


21. Recommendations for Control of Plum Curculio on Peach. 
(5 min.) S. C. Cuanpier, Carbondale, III. 
Apparent inconsistencies and wide differences exist in recommendations and 
practices for control of plum curculio in peach areas east of the Mississippi river. 
A report of conditions found and reasons for recommendations in several states 
is given. 


22. Nine Years Work with Oil Dust for Oriental Fruit Moth Control. 
(6 min., lantern.) W. P. Furr, S. C. CHanpLer and M. D. Farrar, 
Urbana, Ill. 

When the oriental fruit moth was first established in Illinois it became appar- 
ent that a new insecticide was necessary to obtain control. A number of combina- 
tions were tried. Among these the use of dusts in which small amounts of mineral 
oil had been very thoroughly mixed. The first year that these were used favorable 
results were obtained. We have now carried on tests with this type of material 
for nine years and the results show that where the dusts were properly made and 
applied they may be depended upon to give a practical commercial control for 
the oriental fruit moth. 


23. Strawberry Leaf Roller, Ancylis comptana Froel., in Ohio. (7 min., 
lantern.) R. B. Neiswanper, Wooster, Ohio. 

During recent years the strawberry leaf roller has caused severe damage in 
certain localities in Ohio. Biological studies have shown two complete generations 
and a partial third each season. The larval parasites, Cremastus cookii Weed and 
Macrocentrus ancylivorus Roh., are well established in Ohio, but as yet have para- 
sitized only a small percentage of the leaf roller larvae. 

Extensive field experiments have shown cryolite, used either as a dust or a 
spray, to be effective in reducing leaf roller damage. 


24. Method for Recording Effects of Dormant Sprays upon Apple 
Tree Growth. (5 min., lantern.) Joun H. Litity, Madison, Wis. 


Description of a method devised to measure both favorable and unfavorable 
effects of dormant oil sprays upon leaf development and growth in apple trees. 


25. Value of Coal-tar Distillates in Dormant and Delayed-dormant 

Sprays. (15 min., lantern.) Josepn M. Ginspurc, New Brunswick, N. J 
In this paper, laboratory and field experiments with different coal tar dis- 
tillates, conducted over a period of several years, are briefly described. The re- 
sults definitely indicate that emulsions of neutral, high-boiling tar oils can be 
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safely used as dormant sprays to control aphids on apple trees. Practically no 
differences were observed between home-made and commercial emulsions. 


26. Simuliids Found Feeding on Turkeys in Virginia. (5 min., lantern. ) 
(;. W. Unperuity, Blacksburg, Va. 


In connection with a study on insect transmission of a blood protozoan disease 
in turkeys, two species of simuliids have been found to feed readily on turkeys in 
the field. This paper includes the distribution and seasonal occurrence of the in- 
sects, the types of streams in which the larvae are found, and a brief discussion 
of the habits of the flies. Short descriptions and drawings showing the chief 
morphological characters are included 


27. Progress to Date in Studies of Radio Waves and Related Forms of 
Energy for Insect Control. (15 min., lantern.) TnHomas J. HeapLer and 
DANIEL M. Josppins, New Brunswick, N. J. 


Heat appears to be the lethal agency. Heat is developed throughout the mass 
simultaneously in a homogeneous body subjected to the electrostatic field, but 
in a heterogeneous body focal points of greater heat frequently occur. Mass ma- 
terials subjected to either infra-red or ultra-violet show heating in the outer 
layers first and heating of the inner by conduction. 


28. Motion Picture of Life Stages and Habits of the White-fringed 
Beetle, Naupactus leucoloma Boh., and Control Activities against It. (25 
min., projector furnished by narrator.) H. C. Youna, Floral, Ala. 

This picture shows the life stages, damage and activities of the beetle, and 
the control measures employed to suppress if 
we 
ENTOMOLOGISTS’ DINNER 
6:50 p.M., Travertine Room 


Public Address of The Entomological Socie ty of 7 { le rica. PROFESSOR r’. di 
Parrott, Geneva, N. Y. 





Thursday, December 30 
GENERAL SESSION 
9-50 a.m., Travertine Room 


29. Evaluating Derris and Cubé. The Question of Total Extractive 
Content. (10 min., lantern.) Howarp A. Jones and W. N. SULLIVAN, 
Beltsville, Md. 

The total extractive content of derris and cubé roots is now determined in a 
wide variety of solvents by various laboratories. The purpose of the present 
work was to decide on the solvent and method which would most readily extract 
all the toxic substances with the least amount of nontoxic material. Tests were 
made against mosquito larvae of acetone extracts of the mares from chloroform 
benzene and ether extractions of root sample s. Mares from ether and benzene 
were appreciably toxie Mares from chloroform were in general nontoxic. It is 
suggested that the simplest procedure for obtaining the total extractive content, 
and one which gives an accurate measure of the toxic material, is a determina 
tion made on an aliquot of a room temperature ¢ hloroform extract of the root 


30. Laboratory Tests with Derris and Oil Against Plant Bugs. (12 
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min., lantern.) Ropert A. Futon and Neate F. Howarp, Columbus, 
Ohio. 
Certain vegetable oils when emulsified and used with water suspensions of 
powdered derris resulted in a marked increase in toxicity to the milkweed bug and 
the squash bug. Technic used to apply measured doses to individual insects is 
described. Comparison is made of the toxicity of derris with a few other insec- 
ticides. 


31. Quantitative Toxicities of Some Typical Contact Insecticides. 
min., lantern.) W. A. Simanton, Pittsburgh, Pa. 

This paper presents the results of a laboratory study in which five types of 
contact insecticides were tested against three widely different species of insects. 
In addition to the relative toxicities, quantitative toxicities were calculated 
from determinations of the actual amounts of poison contacting the insects 
Mortality relationships were expressed on three bases: as concentration of in- 
secticide in the spray solution, as milligrams of insecticide per gram of body 
weight, and as milligrams of insecticide per square centimeter of body surface. 
The data summarized in graphs and tables indicate that all three bases have an 
effect on the mortality exhibited. In general, the toxicity is better evaluated as 
milligrams of insecticide per gram of body weight. Some observations on the 
action of contact insecticides are also included. 


32. Effect of Repeated Applications of a Pyrethrum Spray on a House 
fly Population. (10 min., lantern.) A. C. Mitier, Pittsburgh, Pa. 

A series of tests was conducted in which a given group of houseflies were 
sprayed at daily intervals with a naphtha base pyrethrum fly spray. Experi- 
mental groups received an average of seven treatments. Such a series of repeated 
applications effects the selection of a small group of females exhibiting slight 
susceptibility to the action of the pyrethrum spray. Females receiving as many 
as 10 sublethal dosages of pyrethrum, in amounts sufficient to cause paralysis 
at each treatment, continued to lay fertile eggs and retained apparently normal 
behavior. 

Groups of flies which had recovered from paralysis caused by a single treat- 
ment showed no marked difference when compared with untreated check groups 
on the basis of longevity, fecundity, and fertility. 


33. Experiences with Mothproofing Solutions. (15 min., lantern.) E. A. 
Back, Washington, D. C., and R. T. Corron, Manhattan, Kans. 


General discussion of experiences. 


34. Insulation and Household Insects. (15 min., lantern.) E. A. Back, 
Washington, D. C. 


Observations in infested houses and tests with mineral wool. 


35. Methods and Equipment for Laboratory Studies of Insecticides. 
I]. (15 min., lantern.) Harotp Waters, Columbus, Ohio. 

The study of methods and equipment for laboratory rearing of insects for in- 
secticide tests has been continued. Cages that simplify the rearing of many spe- 
cies of insects, and methods for laboratory rearing of several economic insects 
for test purposes have been developed. Methods and equipment for applying 
insecticides to foliage in predetermined quantities, both as sprays and dusts, are 
described. 


36. Particle Size of Commercial Insecticidal Sulfurs by Sedimentation 
Analysis. (10 min., lantern.) Lyte D. Goopuur, Beltsville, Md. 

The particle size distribution in 44 samples of commercial insecticidal sulfur 
has been determined by sedimentation analysis. A new method of dispersion 
using a wetting agent composed of a mixture of saponin and ammonium caseinate 
in ammoniacal 50 per cent alcohol was found to give very good results on a wide 
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variety of samples. The flotation pastes and suspensions of colloidal sulfur were 
found to contain the most fine material. A material made by spraying molten 
sulfur ranks next. Except for two coarsely ground crude samples the ground 
sulfurs fall in about a medium fine class. The sublimed flowers are variable and 
may be either fine or coarse. The amount through 325 mesh was found to give 
very little indication of the amount of very fine sulfur in a sample. 


37. Rapid Method of Evaluating Livestock Sprays. (15 min., lantern. ) 
CraiG EaGieson, Dallas, Tex. 
The method consists of spraying insects confined in revolving screen-wire cages 
in a wind tunnel where fumigatory effect is at a minimum, then placing them in 
a ventilated recovery cabinet for observation. Relative susceptibilities are given 
of stable flies, horn flies and houseflies to pyrethrum sprays 


38. Estimate of the Dosage-mortality Curve from Small Samples. (15 
min., lantern.) C. L. Burss, Leningrad, U.S.S.R. 


When a poison must be administered to organisms individually, it may be im- 
practicable to use large numbers or to control each dose precisely. This is fre- 
quently true in laboratory experiments on stomach insecticides. A method is 
proposed whereby the dosage-mortality curve can be estimated from such data 
with a measureable degree of precision 


39. Measuring the Joint Action of Two or More Poisons. (15 min., 
lantern.) C. L. Buss, Leningrad, U.S.S.R. 


\ uniform procedure is proposed for analysis of toxicological data involving two 
or more toxic components, based upon dosage-mortality curves determined from 
each of several mixtures of the ingredients. Results of the calculations can be re- 
duced to a curve showing the dosage of the combined insecticide which will pro- 
duce a given mortality when its percentage composition is altered. The method is 
applied to data from recent literature. 


10. Effects of Atmospheric Conditions upon Rotenones Exposed on 
Bean Plants, as Determined by Toxicity to the Mexican Bean Beetle. 
10 min.) J. N. Topp, Clemson, S. C. 


Results of one season's tests indicate that rotenone loses most of its effective- 
ness when exposed longer than five days under field conditions; whereas shaded 
from the direct rays of the sun the effectiveness is prolonged more than two 


weeks. 


$1. Conditioning Agents Increase the Effectiveness of Rotenone-bear- 
ing Dusts against the Pea Aphid. (8 min.) T. E. Bronson and J. E. 
Duptey Jr., Madison, Wis. 


In both the greenhouse and the field, derris or cubé dust mixtures conditioned 
with a spreading and wetting agent have been shown to be superior, as an in- 
secticide against the pea aphid, to plain derris or cubé dust mixtures. Under field 
conditions this superiority of the conditioned dust mixtures has amounted to 
approximately 12 per cent, which may be the difference between satisfactory 
and unsatisfactory aphid control 

In general, conditioned derris or cubé dust mixtures reinforced by the addition 
of nicotine or an aliphatic thiocyanate, when tested both in the greenhouse and 
in the field, have been superior to conditioned dust mixtures. This has been espe- 
cially true in instances where the aliphatic thiocyanate was added. 


12. New Facts Concerning Cryolite Spray - Residues. (12 min.) 
S. Marcovircn and W. W. Stanuey, Knoxville, Tenn. 

The experimental work with cryolite spray residues shows that they are of no 
public health significance. Dissolved fluorine in water supplies is capable of pro- 
ducing mottled enamel which is classed as a water-borne disease. More water is 
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used in cooking than in drinking. A sample of teakettle scale yielded 8072 parts 
per million of fluorine. On a weight basis, sprayed food constitutes less than 
3 per cent of the amount of water consumed in drinking and cooking. Marine 
foods, such as sardines, and many baby foods show that they contain up to 12 
parts per million of fluorine. 

The data leads to the conclusion that in cryolite we have the long-sought-for 
arsenical substitute, a material that is incapable of causing fatalities and reason- 
ably safe to human health. 


43. Soybean Flour as a Spray Material. (5 min.) M. D. Farrar and 
W. P. Furnt, Urbana, III. 

Certain proteins of soybean flour make this product useful with insecticidal 
sprays. The flour disperses easily and causes a spray to wet, spread and adhere 
It is neutral chemically and mixes easily with all common insecticides and 
fungicides. Amounts of flour required will depend to a very limited extent on 
water hardness. From one-eighth to one pound of flour per 100 gallons of spray 
mixture has given good results. That the grower has found this product useful is 
exemplified by the fact that in 1937 one Illinois soybean processor sold 60 tons of 
soybean flour for orchard spraying. 


1:30 p.m., Travertine Room 


44. Laboratory Studies on the Toxicity of Nicotine as a Fumigant for 
Various Insects, Including Aphids, Thrips and White Flies. (10 min., 
lantern.) Henry H. Ricuarpson, Beltsville, Md. 


\ study was made of the efficiency of nicotine gas under laboratory conditions 
against various insects, including aphids, thrips and white flies. The different 
insects were found to vary greatly in their susceptibility to nicotine. The rela- 
tionship of length of exposure and concentration of gas was investigated to some 
extent and these factors Ww ill be discussed. 


45. Tandem Fumigation with Cyanogas for Control of Thrips in 
Greenhouses. (5 min.) W. E. McCau ey, Urbana, Il. 
Tandem applications of Cyanogas “G’’ Fumigant for control of Thrips nigro- 
pilosus increased the per cent of control without a proportionate increase of 
cyanide injury to Heliotrope and Chrysanthemum. 


46. Development of Resistance to Hydrocyanic Acid on Certain Seal 
Insects. (10 min., lantern.) H. J. Quay.e, Riverside, Calif. 

An attempt is made to show that in the case of three different insects there has 
developed a marked difference in tolerance in different localities to the same in 
secticide. The question has an important bearing on the broad subject of the use 
of insecticides. 


47. Fumigation of Insects with Hydrocyanic Acid: Effect of Different 
Air Pressures. (15 min., lantern.) Witi1am Moore and E. L. Carpren 
TER, Stamford, Conn. 


The mortality obtained by fumigating with HCN at different air pressures and 
the relation of this mortality to the absorption of the HCN by the insects. 


48. Laboratory Studies of Methyl Bromide as a Fumigant. (10 min., 
lantern.) F. Fisk and H. H. Sueparp, St. Paul, Sinn. 

The relative toxicity of methyl bromide to certain stored product insects has 
been shown to be high, comparing favorably with the most toxic fumigants in this 
respect. Temperature and moisture relations have been studied, and relative 
absorption values determined for flour, wheat and raisins. Baking and germina- 
tion tests are reported. 
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49. Methyl Bromide, Its Expectancy as a Fumigant. (15 min.) D. B. 
\IACKIE, Sacramento, Calif. 

This paper deals with the future of methyl bromide as a fumigant. The con- 
clusions are drawn from two years’ experience in the application of this compound 
to the solution of a number of perplexing problems in the field of applied entomol- 
ogy. Much of the work has been done in the so-called regulatory field where the 
treatment, to be acceptable, must be 100 per cent lethal to the pest under con- 
sideration. The scope of these investigations covers a wide field of species and 
commodities. One paragraph deals with its particular chemical and physical 
properties; another with its effects on human beings. 


50. Potato Spraying Experiments in North Dakota. (7 min.) J. A. 
Munro and Louts A. Scuirino, Fargo, N. D. 

Increases in yields of potatoes with Bordeaux sprays that cannot be wholly 
attributed to the control of the potato leafhopper, Empoasca fabae Harris, or the 
potato flea beetle, Epitriz cucumeris Harris, are noted. Results of one season’s 
work. 


51. Preliminary Studies of Wireworms Affecting Potato Tubers in 
North Dakota. (4 min.) J. A. Munro and Louis A. Scuir1no, Fargo, 
N. D. 


Results of a wireworm injury survey are presented. Species of wireworms 
that are involved in tuber injury are listed. 


52. Preliminary Report on Conditioned Resistance of Normally Sus- 
ceptible Canning Peas to the Pea Aphis, [llinoia pisit Kalt. (5 min.) 
EpwarpD M. Searts, Madison, Wis. 

These studies indicate that susceptible varieties of canning peas become re- 
sistant as they approach maturity 


53. Control Experiments on the Tomato Fruitworm for the 1937 
Season. (10 min.) Josep Wiicox, Alhambra, Calif. 


Results are given of several hundred field tests conducted in different locali- 
ties in southern California on early market, canning and late market tomatoes. 


54. Some Factors Influencing the Development of an Infestation by 
the Cotton Bollworm. (7 min.) F. L. Tuomas, R. K. FLercuer, 5S. W. 
Bromuey and H. B. Parks, College Station, Tex. 

Detailed observations have shown that the egg stage and first two instars of the 
bollworm are destroyed by a number of physical and biological factors which 
affect natural control to a considerable degree 


55. Onion Thrips Control. (10 min., lantern.) Neety TuRNER and 
G. L. WaLKer, New Haven, Conn. 
This paper gives results of successful applications of derris and cubé with 
suitable spreaders to control the onion thrips, Thrips tabaci Lind. 


56. Results of Tests of Certain Materials as Controls for the Tomato 
Psyllid, Paratrioza cockerelli Sule, and Psyllid Yellows. (12 min.) GEORGE 
M. List, Fort Collins, Colo. 


Lime sulfur has become the standard control for the tomato psyllid, Par- 
atrioza cockerelli Sule, on potatoes. It often causes severe injury when used on 
tomatoes. 

Field tests herein reported indicate that dusting sulfur and wettable sulfur 
are equally effective in destroying the psyllids on tomatoes and do not cause 
noticeable injury to the plants. The conclusions are based on psyllid counts, 
plant growth measurements, and yield in pounds, numbers and size of fruits. 
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57. Two Years Study of the Effects of Root Nematodes on the Yield 
of Canning Tomatoes. (15 min.) F. A. Ficut, Lafayette, Ind. 

The reduction in the yield of tomatoes of canning grades and the decrease in the 
per acre market value of tomatoes from root nematode-infested plants is shown. 
The reduction in the number of fruits set, the effect of nematodes on ripening 
and the decrease in the size of fruits from infested plants is discussed. The com- 
parison is between nematode-free and nematode-infested plants grown in the 
south and shipped into Indiana 


we 
SECTION OF PLANT QUARANTINE AND INSPECTION 
9:30 a.m., Lincoln Room 

A. G. RuGe.ies, Chairman EK. L. CHAMBERS, Secretary 
Appointment of Committees on Resolutions and on Nominations 

1. Activities and Accomplishments of the Bureau of Entomology and 
Plant Quarantine, Ler A. StronG, Washington, D. C. 

2. Grasshopper Outbreak in Iowa. C. J. Drake and G,. C. Decker, 
Ames, Iowa. 

8. Gypsy Moth and Browntail Moth Control Operations During 1937. 
A. F. Burcess, Greenfield, Mass. 


+. Recent Developments Relating to Transit Inspection, Phony 
Peach and Peach Mosaic Diseases and White-fringed Beetle Activities. 
B. M. Gappis, Washington, D. C. 


1:30 p.m., Lincoln Room 

5. Present Status of the Japanese Beetle Situation in St. Louis. J. 
Cart Dawson, Jefferson City, Mo. 

6. Present Status of Barberry Eradication and White Pine Blister 
Rust Control. S. B. Fracker, Washington, D. C. 

7. Highlights of Foreign Plant Quarantine Enforcement and Export 
Certification, 1986-37. E. R. Sasscer, Washington, D. C. 

8. South African Insects of Plant Quarantine Interest. Gro. C. 
Becker, Washington, D. C. 

9. Present Status of the Azalea Flower Spot Investigations. FREEMAN 
A. Weiss and Fioyp F. Sairu, Beltsville, Md. 
Report of the National Plant Board, M.S. Yeomans, Chairman, Atlanta, 

Ga. 
Reports of the Regional Boards. 

The Eastern Plant Board. E. N. Cory, Secretary, College Park, Md. 


The Central Plant Board, P. T. ULman, Secretary, Indianapolis, Ind. 


The Southern Plant |Board, J. H. Monrcomery, Secretary, Gaines- 
ville, Fla. 
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The Western Plant Board, A. C. FLeury, Sec’y-Treas., Sacramento, 
Calif. 
Report of Resolutions Committee. 
Report of Nominating Committee. 
Selection of Officers. 
{djournment. 





Friday, December 31 
GENERAL SESSION 
9:30 a.m., Travertine Room 


58. Notes on the European Pine Shoot Moth in Connecticut. (15 min., 
lantern.) R. B. Frrenp, G. H. Plums and H. W. Hicock, New Haven, 
Conn. 

The distribution of the insect in the state, the intensity of the infestation and its 


relation to injury to red pine, the contro! work carried out, and some natural 
factors affecting abundance of the insect, are discussed 


59. Studies on Control of Cankerworms Infesting Forested Areas by 
Insecticides Applied by Autogiro. (15 min., lantern.) CLypgr C. Hami- 
ron, New Brunswick, N. J. 


Studies were made to compare the effectiveness of sprays consisting of standard 
powdered arsenate of lead, a special dispersed arsenate of lead paste, a colloidal 
arsenate of lead, two arsenate of lead dust mixtures, and a calcium arsenate spray. 
The data indicate that cankerworms may be effectively controlled with most 
of the mixtures used; that the quantity of arsenical poison may be considerably 
reduced when applied by autogiro from the air if satisfactory dispersion and wet- 
ting of the spray material is attained. The cost of spraying wooded areas by 
autogiro is shown to be considerably cheaper than ground spraying. 


60. Field Notes on the Life History of Hylurgopinus rufipes (Eich.) 
10 min., lantern.) Cuar Les H. Martin, Ithaca, N. Y. 
Ninety per cent of the //. rufi pes adults entering elm logs from May to Septem- 
ber had entered by June 7. These were adults from hibernation. The other 10 
per cent appearing in the summer had overwintered as larvae. Most larvae 
hatching before July 1 become hibernating adults the same season; a few hiber- 
nate because of a diapause condition, while early season larvae become adults 
which lay eggs after July 1. Most all larvae hatching after July 1 hibernate as 
larvae. 


61. Organized Control in a Forest Tentless Caterpillar, Malacosoma 
disstria Hbn, Outbreak. (10 min., lantern.) A. G. RuGGuLes and T. L. 
Aamoprt, St. Paul, Minn. 

Certain biological aspects and methods of organization and control of the 
most extensive outbreak known to occur in the history of Minnesota. 

62. On Certain Habits of Elm Bark Beetles. (10 min., lantern.) B. J. 
Kaston and D. Ss. Riaas, New Haven, Conn. 


Data are given on feeding and hibernating tunnels. Analogous to the well- 
known crotch and twig feeding of Scolytus multistriatus is the making of bark 
tunnels in healthy elms by Hylurgopinus rufi pes Che relation of this habit to the 
possibility of the latter species spreading the Dutch elm disease is pointed out. 
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63. Observations on the 1987 Epidemic of the Walnut Caterpillar in 
Missouri. (5 min.) LEonarp Haseman, Columbia, Mo. 
This year Missouri had two broods, the caterpillars of the second brood com- 
pletely stripping the leaves from practically every black walnut, hickory and 
pecan tree in the state during August and September. 


64. Some Effects of Varying Conditions on Infestation of Angoumois 
Grain Moth Eggs by Trichogramma. (5 min.) Luis Apo_ro Costas, 


Kast Lansing, Mich. 

With increase in the number of Trichogramma while the number of Sitrotroga 
eggs remained constant, the percentage of parasitization increased, but the in- 
crease was not parallel to the increase in number of Trichogramma. One hundred 
per cent infestation of Sitrotroga eggs was not reached when the number of T'ri- 
chogramma was twice the number of eggs. Age of Sitrotroga eggs, light intensity 
and the presence of foreign particles upon the eggs are shown to influence infesta- 





tion by Trichogramma 


65. Some Parasites of Truck Crop Insects. (12 min.) B. J. LANpts, 
Columbus, Ohio. 


A list of natural enemies of truck crop insects reared at Columbus Ohio, be- 
tween 1934 and 1936, inclusive, with notes on the abundance of some species. 


66. Observations on Grasshopper Parasitism in 1937. (10 min.) J. D. 
DeCoursey and Wn. P. Hayes, Urbana, IIl. 
Observations and counts throughout the summer were made to watch the de- 
velopment of parasitic flies, mites and nematodes throughout the summer, which 
showed them to be relatively unimportant in 1937 


67. Sarcophaga aldrichi Parker as a parasite of Malacosoma disstria 
Hbn. (15 min., lantern.) A. C. Hopson, St. Paul, Minn. 
\ disc ussion of the host parasite relationships of these species with particular 
reference to the evidence for true parasitism. Detailed life histories are included 
Competition between Sarcophaga aldrichi and other larval and pupal parasites 


1S described 


68. Importance of Brief Reviews of the Literature on a Subject in 
Scientific Writing. (10 min.) Roger C. Smuiru, Manhattan, Kans. 

A scientist seeks (1) to learn what is already known about a subject; (2) to 
extend the borders of science; and (3) to correlate the new with the old. There isa 
deplorable trend towards omitting the third step. Each observation is thus pre- 
sented as if it were new and original. Journals requiring such omissions are con- 
tributing to lowering the usefulness of their papers. 


69. A Proposed National Contest for Entomology Students. (15 min. 
I’. E. Waireneap, A. & M. College, Okla. 


A plan patterned somewhat after stock judging contests is proposed for en- 
tomology students. The benefits and disadvantages of such a contest are out- 
lined as well as a proposed organization for conducting the contest 


70. We, the Teachers. (15 min.) Jou~n T. Creicuton, Gainesville, 


Fla. 


71. Aliphatic Thioeyanate Investigations. (10 min.) Jonn T. Cretcn- 
TON, Gainesville, Fla. 
Deals with control of scales of “citrus and ornamentals, also with control of 
aphids and whiteflies 
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72. Comparative Insecticidal Value of Thio and Iso-thiocyanates. 
12 min.). NATHANIEL TiscHLeER and ArRNo Vienorver, Philadelphia, 
>. 


Pa. 
we 


FINAL BUSINESS SESSION 
1:30 p.m., Travertine Room 
Papers Carried Over. 
Report of Committee on Resolutions. 
Report of Committee on Membership. 
Report of Advisory Committee of Journal. 
Vomination of Journal Officers by Advisory Committee. 
Report of Committee on Nominations. 
Election of Officers. 
Miscellaneous Business. 
Fixing Time and Place of Next Annual Meeting. 
Adjournment. 
I’. C. Bisnopp, President 
Washington, D. C. 


Ernest N. Cory, Secretary 
College Park, Md. 





CODLING MOTH CONFERENCES 


The Association Committee on Codling Moth has arranged for a general 
conference on the codling moth problem to be held at Spokane, Washington, 
January 26 and 27. The conference will start at 1:30 p.m., January 26, and 
will follow immediately after the Annual Western Cooperative Spray Project 
Conference, which is composed of a group of official workers in the north- 
western states and in British Columbia, and which is to start Tuesday, January 
25. Arrangements for the exact place of meeting will be announced later. The 
Committee on Codling Moth hopes that a number of eastern entomologists 
will find it possible to attend the Spokane conference. 

( shorter round-up for a discussion of the codling moth problem is also to 
be held at Indianapolis on the afternoon of December 27. 

B. A. Porter, Chairman, Codling Moth Committee 











JOURNAL 
OF ECONOMIC ENTOMOLOGY 


Official Organ American Association of Economic Entomologists 





Vol. 30 DECEMBER 1937 _ No. 6 





COTTON STATES BRANCH 
Parper-READING Session, TWeL_rru ANNUAL MEETING 


San Antonio, Tex., February 1937 


Temperatures at Which Boll 
Weevils Freeze 
Eruram Hrxson and C. A. Soorer, Oklahoma A. & M. College, Stillwater 


N a number of the cotton belt states since the winter of 1902-03, 
adult boll weevils have been collected and placed in hibernation cages 
every year for the purpose of determining the percentage of survival. 
In some cases the minimum temperature in the cage material was rec- 
orded, but no attempt was made to determine the actual temperature at 
which the individual weevils would freeze. Therefore, the low tempera- 
ture fatal to the cotton boll weevil has long been a moot question. 
Hunter & Pierce (1912) concluded “that areas having a minimum win- 
ter temperature of 10° F would experience but little injury to cotton 
from the attack of the boll weevil.” Pierce (1916) concluded “‘that tem- 
peratures below 10° F were absolutely fatal to all stages of the boll 
weevil.” Observations in Oklahoma over a period of seven years and 
especially following the severe cold of January 1980 did not bear out the 
earlier conclusions as to the resistance of the weevils to cold, or else they 
had very good shelter. The entire state had temperatures below zero 
Fahrenheit, and at Eufaula, Okla., where the first adult boll weevils 
were found on seedling cotton in June 1930, the minimum temperature 
was —19° F. Temperature records taken within shelter available to hi- 
bernating weevils under natural conditions showed that frequently dur- 
ing the winter the temperature dropped below 10° F and many times 
below 0° F yet the fields were always infested with adult weevils the 
following spring. The fall of temperature within the shelter was at a re- 
tarded rate compared to the air temperature and in most cases never 
reached the minimum of the air temperature. The gradual drop in tem- 
perature under shelter may be sufficient to permit hardening and may 
account for survival during severe cold, although the minimum may be 
reached only a few hours after this point has been reached outside. 
Within 48 hours between January 18 and 20, 1935, at Stillwater, Okla., 
the temperature dropped from 62° to — 1° F in the cages. Sudden changes 
in temperature are not unusual in this area, but they are not always that 


$33 

















834 JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 30, No. 6 


extreme. Robinson (1927) found that gradual exposure to cold decreased 
the free water present in the tissues of moth pupae, and likewise, lowered 
their undercooling temperature. He concluded that there was a direct 
correlation between the amount of bound water in the tissues and the 
undercooling temperature. He also found that the granary weevil did 
not bind water but actually lost bound water until death occurred. 
Payne (1926) found that native wood borers gradually became hardened 
to cold from fall to winter and in the spring froze at much higher tem- 
peratures. Hixson & Sooter (1936) found that chinch bugs froze at lower 
temperatures in February than in March. 

The weevils used in this study were from stock collected in the local 
cotton fields during October and November, prior to the first killing 
frost, and were fed with cotton squares and succulent stems until used 
or placed in hibernation. Injured weevils were discarded, otherwise no 
attempt was made at selection. The weevils in the November series were 


Table 1.—Undercooling and freezing temperatures and degrees of rebound of the 
cotton boll weevil, Stillwater, Okla., 1935. 





No UNpER LING Fre ‘N N > ~ 

Montu Ws - TEMPERATURES TemMPeRa ~ R 

M M M Max M M M M M 
Ni 4 6.f 4 6. 0 8 10.8 12.2 4.1 
Des ‘4 ‘ 1 26.4 1.4 15.8 6.7 I 2.3 
Jan tA 17.6 4 ’ 23 14.8 ’ 1 
Keb 120 l 6 6.1 19.4 2 10.2 ’ 1.1 4.2 
Mar 51 19.4 10.9 21.2 2 14.¢ ( 1.1 ) 
Sumer 1 6.6 4 i) 0.2 8 12.7 1.1 ( 





taken direct from the feeding cages and frozen without any precooling, 
forced hibernation, or other artificial handling, except that necessary to 
collecting and freezing. Those weevils frozen in December were from the 
same stock as those frozen in November, except that they spent a month 
in forced hibernation. Those frozen in January, February and March 
were collected in October and November of 1934 and placed in hiberna 
tion cages, filled with native grass hay, where they remained until needed 
for freezing. The equipment used and the procedure in taking these data 
was the same as reported in an earlier paper by the authors (Hixson & 
Sooter, 1936 

Table 1 shows the number of weevils used and the maximum, mini 
mum and mean undercooling and freezing temperatures, and the re 
bound in degrees Fahrenheit for each month. It is quite noticeable that 
the mean temperatures of the November and February series are almost 
identical and that the December and March series are also similar. The 
extremely low undercooling temperatures for November cannot be ac 
counted for since the weevils had no chance to harden as did the other 
series. The lowering of the undercooling point did not have a tendency 
to shorten the rebound as one would expect, on the basis of Robinson's 
(1927) results with moth pupae, when the specimens were as nearly as 
possible under natural conditions. When the specimens were precooled 
there seemed to be a tendency for a lowering undercooling temperature 
and a shortening of the rebound. Fifty-two weevils were withdrawn from 
the December series and placed in an electric refrigerator where they 
were held at 37° F for five hours. They were then frozen as the others of 
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ihe series. The mean undercooling temperature for this precooled group 
vas 12° F compared to 13.7° F for the 282 which were not precooled. 
(he rebound was shortened from 2.42° to 1.85° F for those precooled. 
Che weevils frozen in November were exposed to a mean temperature of 
63° F in the field for the month prior to freezing. The other series frozen 
in December, January, February or March were exposed to mean tem- 
peratures during these months of 54.2, 48.5, 45.6 and 45° F respectively 
in the cage the month prior to freezing. This does not indicate that pre- 
cooling lowers the undercooling temperature since the March series was 
exposed to a steadily declining mean temperature from January and ex- 
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Fig. 1..-Summary of mortality of boll weevils from exposure to undercooling tem- 


peratures 


posed to the lowest monthly mean temperature of any series prior to 
freezing, yet the mean undercooling temperature of this group was 
10.94°, the second highest of any series. 

The percentage of mortality of the boll weevil at different low tem- 
peratures is shown in fig. 1. This curve shows the extreme range of under- 
cooling during the winter months. It also shows that 6 per cent of the 
weevils can survive a temperature of 0° F, a percentage much higher 
than normally survived in cage experiments and a much greater per- 
centage than apparently survive under natural conditions. On an aver- 
age, about 3 per cent is the maximum cage survival, according to San- 
born (1984) although during the winter of 1930-31, 30 per cent survived 
in a cage at Idabel where the minimum air temperature was 18° F. Cold 
in this instance should have accounted for only 15 per cent mortality. 

It is evident from the above data that low winter temperatures should 
reduce the hibernating weevil population to a minimum. With this in 
mind the data in table 2 are presented to show the relationship between 
the minimum winter temperatures at Idabel and Henryetta, Okla., and 
the number of hibernated weevils per acre in cotton fields the following 
spring near these places. Idabel is in the southeastern corner of the state 
where the highest winter temperatures and the greatest annual rainfall 
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occur. Henryetta is in the northern limits of constant infestation fron 
hibernated weevils. 

The relation of minimum winter temperature to maximum weevil 
population the following spring at Idabel and Henryetta, Okla., is show: 
in table 2. The maximum number of weevils per acre was the record for 
one field only, the average was for all fields examined in each area and in 
the same fields when possible. The minimum temperature was taken from 
the United States Weather Bureau records for each locality, and it 
curred during either January, February or March, but never in Decem 
ber. Following winters of low minimum temperatures, the field popula 
tion was small, as shown in table 2. The growing seasons prior to the 
small spring populations of 1933 and 1935 were rather a contrast to each 


Table 2.—Relation of minimum winter temperature to maximum weevil popula- 
tion the following spring at Idabel and Henryetta, Okla. 





WINTER HeENRYETTA IDABEI 
Min Max. No Av. No Min Max. No Av. No 
Temp Weevils Weevils Temp Weevils Weevils 
F per \ re per kc re F per \c re per \cre 
1980-381 1! 160 125 Is 500 S10 
1981-82 10 820 150 1d 1080 350 
1982-338 5 1) 80 0 280 105 
1983-—S4 12 SOO 10 16 900 622 
1984-35 2 Sv) sO) S 330 ISS 





other. The rainfall in 1932 was above normal, which resulted in a large 
weevil population, up to frost (an outbreak year), while 1984 was ex- 
tremely dry and the fields had a continuously small weevil population 
until fall, when a large population was produced due to heavy rains and 
a late growing season, Fenton & Hixson (1935). 

Summary.— The cotton boll weevil is much more resistant to cold than 
was formerly supposed. The undercooling temperatures of 991 boll wee 
vils show a range from 26.6° to —9.4° Fahrenheit. Those undercooled in 
November and February were the most resistant, those undercooled in 
December and March were the least resistant. Winters having low mini 
mum temperatures were followed by small field populations of hiber 
nated weevils whether the population the previous year was large or 
small.— 10-14-37 
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Possibilities of Reducing Overwintering 
| Pink Bollworm Population in the Soil 
: As Shown by Stripping Tests 
































\. J. Cuapman and H. S. Cavirr, U.S. Department of Agriculture, Bureau of 
Entomology and Plant (Quarantine 
The majority of the overwintering larvae of the pink bollworm, Pee- 
{ wey age gossy prella Saunders, hibernate in the seed or lint in the trash 
n the surface of the soil, and in the soil. Although a relatively small part 
of the overwintering population is found in the soil it is an extremely 
important part in causing an infestation the following year because these 
; larvae cannot be destroyed by a field clean-up. Tests were conducted at 
Presidio, Tex., during 1935 and 1936 in an effort to determine to what 
extent the soil population could be reduced by stripping the plants of all 
fruiting forms at different dates in October and e arly in November. 
\ small tract of uniform cotton 12 rows in width and approximately 


Table 1.—Relation between time when all fruiting forms were removed from cotton 
plants and number of pink bollworm larvae found in the soil, 1935 and 1936. 








Dart 

STRIPPED 1935 1936 Two-YEAR AVERAG! 

Av. No. Estimated Av. No. Estimated Av. No. Estimated 
- Larvae No. Larvae Larvae No Lary ue Larvae No. Larvae 
per Sq. Yd. per Acre per Sq. Yd. per Acre per Sq. Yd. per Acre 

October 1 6.4 80,976 22 10.648 ‘3 20,812 

October 15 12.4 60.016 3.6 17,424 8.0 38,720 

: November 1 20.6 99.704 6.7 2 498 13.65 66.066 

| November 15 26.4 27 776 6.9 33 396 16.65 80.586 
' 100 feet long was selected in a field heavily infested with pink bollworms. 
This tract was divided into four plots of three rows each. The plants in 
, one of these plots were stripped of all fruiting forms, that is, squares, 
; hlooms, and bolls, on October 1. This date was selected for the first 
stripping since it was thought that a majority of the larvae would enter 
the soil after this time. Furthermore, it is about the earliest date that 

. 


the crop could be matured and the field clean-up started in this area. 
Similar strippings were made in the remaining plots on October 15 and 
on November Land 15. The strippings were discontinued after November 
1 15, since as a rule the weather at Presidio is too cool for much worm 
activity after this date. 

On December 14-18, approximately one month after the last strip- 
ping, soil samples were collected from the middle row of each of the 
plots stripped. In collecting the samples all of the plant and surface 
trash was first removed. A square-yard sample of soil approximately 
t inches deep was then dug and placed in sacks. Five samples were col- 
lected at representative points along the rows in the 1935 tests and 10 
samples in the 1936 tests. The soil in the samples was washed out and 
the pink bollworm larvae remaining in the residue were recovered and 
counted. Results of the two years’ tests were as shown in table 1 
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Although there was a much lower soil population in 1936 than in 
1935 the trend of the results for both years was the same; that is, the 
earlier in the fall the plants were stripped the lower the soil population. 
The relatively small increase in the population between the November | 
and November 15, 1936, strippings was attributed to an early frost 
In 1936 frost occurred on November 4, while in 1935 it did not occur 
until November 12. 

When the population from similar dates of stripping for the two years’ 
tests are averaged and calculated on a percentage basis they show that 
stripping on October 1 reduced the soil population approximately 75 
per cent, on October 15, 51 per cent, and on November 1, 18 per cent 

The results of these stripping tests indicate that early maturity of 
the crop combined with early picking and clean-up of the fields would 
greatly reduce the overwintering population.—3-20-37. 


Parasites of Pink Bollworm in 
Northern Mexico 
C.S. Rupe, U.S. Depart tof Agriculture, Bureau of 


nent of Ag f Ent 
Plant Quarantine 


During the last few years considerable attention has been given to 
the biological control of the pink bollworm of cotton, Pectinophora 
gossyprella Saunders, in the Big Bend district of Texas and the Laguna 
district of Mexico. The Laguna is an irrigated district in the states of 
Durango and Coahuila in northern Mexico where large acreages of 
cotton are grown. The pink bollworm was introduced there in 1911, and 
this is the oldest and largest heavily infested area on the North American 
continent. 

Limited observations have been made on the native parasites of the 
Laguna district by agents of the U.S. Department of Agriculture since 
1917. More intensive studies have been made since 1933, when the intro 
duction and colonization of introduced species were undertaken, to 
determine the changes in abundance and adaptation of the native para 
sites to the pink bollworm during the 25 years this insect has been 
present. Loftin, McKinney & Hanson (1921) found three species of 
larval parasites of the pink bollworm in the Laguna in 1918 and 1919, 
a few years after the pink bollworm population had become heavy, but 
their scarcity is indicated by the fact that only one specimen of each 
species was taken. Three years later, in 1921 and 1922, Ohlendorf (1926 
found parasites more numerous, Microbracon mellitor (Say) and Habro 
bracon gelechiae Ashm.' [= Microbracon gelechiae (Ashm.)| being the 
most abundant species, although several other unidentified species were 
reared. The maximum parasitization observed was 33 per cent in blooms, 
although the general average was much lower. 

In the more recent studies, one species of Diptera and at least four 


According to C. F. W. Muesebeck, “this in all probability represents a misidentification. It is very like 
that the species involved was Mf . Acrscihe - 


é (Cus vhich is very similar to ¢ 
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pecies of Hymenoptera native to the Laguna have been found parasitic 
m the larvae of the pink bollworm. Five other native species occur that 
nay also attack the pink bollworm. Several fields have been observed 
n which approximately 75 per cent of the pink bollworms in blooms 
were killed by native parasites. These parasites are undoubtedly in- 
‘reasing in importance, but they do not exercise sufficient control to 
prevent heavy annual infestations and damage. 

Anachaetopsis sp.—On numerous occasions a small tachinid fly was 
reared from field-collected pink bollworms found in cotton blooms. These 
were identified by D. G. Hall as Anachaetopsis, probably a new species. 
\ttempts made to rear the species in the laboratory were unsuccessful. 
lhe species was rather abundant in the fields, but no data were gathered 
to indicate its value as a control for the pink bollworm. 

Microbracon platynotae (Cush.).—This is a small, almost entirely 
black braconid, generally distributed over the Laguna, and is probably 
ihe most abundant of the parasites here discussed. M. platynotae at- 
tacks the pink bollworm larvae in squares, blooms and bolls. The female 
is able to pierce the square with the ovipositor and sting the larva while 
it is feeding within the square. When the pink bollworm is in a blossom 
the female usually enters and attacks the naked larva. 

It would appear that the species would be unable to attack pink boll- 
worms in bolls on account of the shortness of its ovipositor, but such is 
not the case. The pink bollworm larva frequently cuts an exit hole some 
time before it is ready to leave the boll. The hole may be left closed by a 
thin laver of tissue that is only partly cut away or it may be left entirely 
open. It is the custom of the female of M. platynotae to enter these exit 
holes and, when she encounters a pink bollworm in the tunnel, to sting 
the larva and deposit eggs. In this way a considerable percentage of the 
pink bollworms in green bolls may be parasitized. In open bolls the 
female crawls down among the fibers of the locks in search of pink boll- 
worms that may be webbed up in the lint. When the parasite can get to 
the cocoons of the long-eyele pink bollworm larvae, it pierces the cocoon 
wall, stings the larva, and deposits eggs. The parasite larvae develop 
within the cocoon and when they reach the adult stage cut their way 
through the cocoon wall. 

The species is easily reared in the laboratory. The most satisfactory 
rearing technic is the embroidery hoop method developed by Noble and 
Hunt at the Presidio, Tex., laboratory. In this system of rearing approxi- 
mately 50 pairs of the parasites are put in a cloth-covered cage. To sub- 
ject the worms to the parasite attack a piece of heavy wrapping paper 
is placed over the inner ring of an embroidery hoop, and pink bollworms 
are placed on the paper and then covered with a piece of muslin. The 
outer ring is then placed over the whole, clamping the cloth and paper 
together with the larvae between. The embroidery hoop is then placed 
against the cloth cover of the cage in such a way that the two cloth sur- 
faces come together. The female parasites then deposit their eggs t hrough 
the cloth on the worms in the embroidery hoop. After an exposure of 
24 hours the hoop is removed to a suitable place for the development of 
the parasite eggs and larvae. After three or four days the hoops and 
cloth may be removed. The developing parasite larvae and the pink boll- 
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worms will adhere to the paper, where the parasite larvae continue to 
develop and finally spin cocoons. 

In 1935 several thousand of the parasites were reared in the Torreon 
parasite laboratory and released in a small cotton field near the city. At 
the time of the release there was an infestation of pink bollworms of 
about 90 per cent in cotton blooms. Collections of squares and blooms 
taken a few days before the release showed no specimens of Microbracon 
platynotae present. Three weeks after the release the pink bollworm in- 
festation was reduced to about 50 per cent, and a collection of blooms 
showed a large population of M. platynotae. This indicates that this 
parasite is capable of controlling the pink bollworm to some extent. 

On numerous occasions specimens of Microbracon platynotae were re- 
covered from collections of flower heads of blueweed, Helianthus ciliaris. 
Examination of the flower heads showed a large number of small lepidop- 
terous larvae, adults of which were determined by August Busck as 
lsophrictis, new species. Larvae of Isophrictis sp. exposed to M. platy- 
notae became parasitized. This alternate host is of considerable interest, 
since the blueweed is one of the most common and widely distributed 
weeds in the Laguna district, and the flower heads are heavily infested 
with /sophrictis sp. Tais insures a more or less constant reservoir of 
M. platynotae in or near the cotton fields. 

Microbracon mellitor (Say).—This insect is well known as a boll 
weevil parasite in the United States. It occurs generally over northern 
Mexico where cotton is grown and is parasitic on both the boll weevil 
and the pink bollworm. Under laboratory conditions no preference was 
shown by WW. mellitor between the larvae of the boll weevil and those of 
the pink bollworm. In the cotton field it was found that this species par- 
asitized the pink bollworm in squares, blooms and bolls. The female of 
M. mellitor has a fairly long ovipositor and is able to pierce the square 
or wall of a green cotton boll and parasitize larvae that are near the 
surface. In a laboratory test 10 green bolls were placed in a cage con- 
taining a number of females of M. mellitor. After a two-day exposure the 
bolls were examined and found to contain 82 pink bollworms, 60. of 
which had been parasitized. M. mellitor may be reared with moderate 
success by using the same technic as described for rearing M. platynotae. 

Perisierola cellularis var. punctaticeps Kief.— This parasite was ori- 
ginally described from California and has been rather commonly reared 
from the pecan-infesting Lepidoptera Acrobasis caryae Grote and Las- 
peyresia caryana Fitch. It has also been taken in Louisiana and is quite 
generally distributed over the cotton-growing region in northern Mexico, 
where it is parasitic on the pink bollworm. The activity of this parasite 
is largely restricted to pink bollworms in the open blooms, although 
the species will attack the pink bollworm wherever it can gain access to 
the larvae. In the cotton field the parasite has been observed entering 
the exit holes in green cotton bolls, and crawling among the fibers in 
open bolls in search of pink bollworm larvae. 

In the laboratory the paralyzing of pink bollworm larvae has been 
observed repeatedly. The female parasite jumps upon the back of the 
pink bollworm and strokes it with her antennae, gradually moving 
forward. She then grasps the dorsal surface of the larva just back of the 
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head with her mandibles and curls her abdomen around the head until 
she is able to sting the larva just posterior to the labium. When stung, 
the larva struggles for a short time and then becomes quiescent. The 
shortest time observed in which the female paralyzed a larva was two 
seconds and the longest five seconds. After the larva is paralyzed, the 
female begins to chew on the ventral surface of the larva and later drags 
it about for some time before depositing her eggs. The eggs are cemented 
tightly to the larva and cannot be removed easily even with the aid of 
brush and needle. When the eggs hatch, the parasite larvae attach 
themselves firmly to the host larva. It is practically impossible to trans- 
fer the larvae from one host to another. 

Perisierola cellularis var. punctaticeps is easily propagated in the 
laboratory by placing a male and female in a small vial on an inclined 
rack with an exposed pink bollworm larva. The pink bollworm is removed 
after 24 hours and a fresh larva is placed in the vial. The parasitized 
larvae are kept in culture dishes on sheets of filter paper where no further 
attention is needed until the adults emerge. Under laboratory conditions 
the females deposit an average of six eggs per day, and as many as 15 
parasites may develop on a single pink bollworm. With a temperature of 
approximately 80° F the eggs hatch in about 20 hours, and the larval 
and pupal stages require 10 to 183 days. 

Pink bollworms that had undoubtedly been paralyzed by this species 
were frequently observed in cotton fields, but only occasionally were 
eggs found on the larvae. After considerable observation it was learned 
that in the field the female of Perisie rola cellularis Var. punctatice ps, 
after paralyzing the pink bollworm, usually leaves the worm for a short 
time and then returns to it and removes it from the bloom or boll before 
ovipositing on it. The paralyzed worm is taken to a crack in the soil 
or to a suitable hiding place beneath a bit of bark or trash. A female has 
heen observed to drag a paralyzed pink bollworm as much as 10 feet 
across a concrete floor to a suitable place of concealment. 

This habit of removing the paralyzed larva from the plant makes it 
very difficult to estimate the efficiency of the parasite in the control of 
the pink bollworm. In one instance where there was a pink bollworm in- 
festation of 60 to 70 per cent in blooms, it was estimated that 20 per 
ce nt of the larvae had been stung by Pe rustle rola ce llularis var. puncta- 
ticeps. While it has not been possible to obtain any definite data as to 
its efficiency, it is believed that this parasite may play an important part 
in the control of the pink bollworm. 

Catolaccus hunteri Crawford.— This is a rather common parasite of the 
boll weevil which was taken repeatedly from collections of cotton blooms 
and squares. In many of these collections there were many pink boll- 
worms but scarcely any boll weevils. From the relatively large number 
of C. hunteri taken in these collections it seems probable that it is also a 
a parasite of the pink bollworm. No attempt has been made to rear the 
species in the laboratory. 

Other possible parasites.— Four other species of parasites also emerged 
from the collections of squares and blooms similar to those mentioned 
above. The insects taken from these collections were identified as Zatropis 
incertus (Ashm.), Goniozus sp., Angitia sp. and Chelonus albobasilaris 
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Ashm. It is quite probable that these insects are parasitic on the pink 
bollworm although they have not been definitely reared from it. An 
other species, Chelonus teranus Cress., that may possibly be parasitic 
on the pink bollworm was collected by sweeping in a cotton field, but 
information as to its host was not obtained. 

Introduced parasites.— Four parasites that do not occur naturally in 
this region have been introduced through the cooperation of the Divi 
sion of Foreign Parasite Introduction and the Presidio, Tex., laboratory 
of the Bureau of Entomology and Plant Quarantine. These insects are 
Everistes roborator F. . Microbracon brericornis (Wesm. ). Microbracon 
kirkpatricki Wilk. and Chelonus blackburni Cam. 

Approximately 25,000 specimens of E-eristes roborator have been 
reared and released in the Laguna district over a period of three years, 
but the species has apparently not become established. 

Microbracon brevicornis was the first parasite introduced. Several! 
thousand specimens were liberated and a few were recovered about one 
month after the release was made, but later collections failed to includ 
the species. 

About 60,000 specimens of Microbracon kirk patricki have been reared 
and released in the cotton fields of the Laguna, but only a very few speci 
mens were recovered after the releases. 

Approximately 20,000 specimens of Chelonus blackburni were reared 
and released. This insect gave very favorable indications of becoming 
established. Specimens were recovered as far as 500 meters from the 
point of release. The species is apparently well adapted to summer con 
ditions in the Laguna district, but it remains to be learned whether it 
will be able to survive the winter. 

Of the four species introduced into the Laguna district, Chelonus black 
burni has shown the greatest indications of becoming of value in com 
bating the pink bollworm.—3-15-37. 
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Imported Parasites of Pink Bollworm 
at Presidio, Tex., 1932-36 


L. W. NOBLE and W. r Hy NT, U. Se De partme nt of Agriculture, Bureau of I nton ology 
and Plant Quarantine, in cooperation with the Texas Agricultu 


I xrperiment Station, Presidio 


During the last five years, six species of foreign parasites of the pink 
bollworm Pectinophora gossy prella Saund., were imported through the 
cooperation of the Division of Foreign Parasite Introduction of the Bu 
reau of Entomology and Plant Quarantine and propagated in the labora- 
tory at Presidio, Tex., in an attempt to establish them in the United 
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States, Mexico and Puerto Rico. Table 1 lists the species and their place 
f origin, and shows the localities and number of each species released 
n areas infested with the pink bollworm. 

With the exception of Elasmus platyedrae, all of the species have been 
iberated during at least one season and all were recovered during the 
same summer that they were released, but collections in following years 
ave as yet given no evidence that any have become established. 

The laboratory breeding is done under controlled temperature and 
humidity, held practically constant at 80° F and 65 per cent relative 
humidity. All the species except Chelonus blackburni are ectoparasites 
and attack the late instars of the host larva. The breeding season for 
large-scale production of these species is short because pink bollworms 
cannot be collected in large numbers until late in the cotton-growing 


Table 1.—Total pink bollworm parasites liberated, 1932-36. 








PLACE oO 
SPECIES ORIGIN No. Apu.ts Lineratep 
Puerto 
Te Xas Me x1CO Rico Total 
E-reristes roborator F s Europe 9 978 9 O00 1,637 19.915 
k-reristes roborator F. Egypt 5.500 1,445 6,945 
Vicrobracon brevicornis Wesm S. Europe 23 TOO 11.000 34.700 
Vicrobracon kh rk patrick: Wilk E. Central 
Africa 60.000 0.000 10.000 180,000 
Vicrobracon mellitor Sav Hawaii 5.000 5,000 
Chelonus blackburni ¢ am Hawaii 78.000 14,000 92,000 
Elasmus platyedrae Ferriére* Egypt 
Total 181,478 1), OO 97.082 I88 , 560 
* The stock of E. platyedrae died in the laboratory b« e any releases were made 


é 


season. No host larva other than the pink bollworm has proved satis- 
factory for large-scale breeding of these species, excepting C. blackburni, 
which ean be bred in Ephestia kuehniella Zell. 

Exeristes roborator.—Twostrains of Exeristes roborator were colonized. 
breeding of the European corn borer strain was discontinued after libera- 
tion each summer from 1933 to 1935, inclusive, with no evidence that it 
could maintain itself on the pink bollworm in the areas where tested. 
Slightly more than 80 per cent of the larvae of this strain survived the 
vinter in hibernation cages at Presidio, but the adults emerged and died 
before the first generation of pink bollworms were available for their 
propagation. This species also breeds on the southwestern corn borer, 
Diatraea grandisella Dyar, but these larvae hibernate in the roots of 
corn and are not accessible during the winter. No alternate hosts have 
been found to carry the parasites until pink bollworms are available. 

The Egyptian or pink bollworm strain of Everistes roborator was liber- 
ated only in 1936, and very few data on the possibility of its becoming 
established have been obtained. The only difference in the two strains 
thus far observed was the difference in the sex ratio. The sexes of the 
pink bollworm strain were about equal in number, whereas the European 
corn borer strain produced a much greater number of males than females 
when reared on the pink bollworm. 
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Microbracon brevicornis Wesm.— M icrobracon brevicornis was liber 
ated in 1932, 1933 and 1934. It oviposits only on larvae openly exposed 
or on those with which it can come into immediate contact. Durin; 
the cotton fruiting season it can attack pink bollworms in blooms o1 
immediately after they have cut their way out of bolls. The hibernating 
pink bollworms, however, are rarely accessible. This parasite does not 
have any definite resting period; and since the daily maximum tempera 
tures at Presidio are usually high enough to permit activity it seems that 
for continuous breeding this species would require the presence of host 
larvae at all seasons. It did not survive the winter in hibernation tests 
conducted at Presidio and collections failed to show that it survived 
under field conditions. The breeding and liberation of this species hav 
been discontinued. 

Microbracon kirkpatricki Wilk.—Liberations of Microbracon kirk 
patricki were made during 1935 and 1936. This species has not been 
found to hibernate. Larvae placed in hibernation cages during November 
and the first part of December completed emergence early in January 
The daily minimum temperatures during this period ranged from 15° to 
60° F, and the daily maximum from 52° to 89° F. It seems that this species 
is better adapted to maintain itself in Texas than M. brevicornis because 
of its ability to parasitize hosts not exposed. Although it has not yet 
been found to overwinter, further breeding and liberation seem justified 

Microbracon mellitor Say (Hawaiian strain).—The native strain of 
Microbracon mellitor occurring at Presidio attacks the pink bollworm but 
exerts negligible control. According to reports on this species it is of 
considerable importance as a parasite of the pink bollworm in Hawaii. 
It was thought that possibly the strain occurring in Hawaii might be 
different from that already present at Presidio and an attempt to estab 
lish it in the United States would be warranted. Breeding stock of the 
Hawaiian strain was imported in 1935 but liberations were not made 
until 1936. No data have as yet been secured on its establishment. It 
was found to overwinter in the larval stage with a survival of 61.58 per 
cent. Larvae also survived a seven-month period of cold storage at 38 
to 40° F, with an emergence of 76.5 per cent. 

Chelonus blackburni Cam.—Chelonus blackburni oviposits in the egg 
of its host but completes its development in the larval stage. It breeds 
readily in the laboratory on Ephestia kuehniella. The principal libera 
tions of this species were made in 1936. No data have been secured on its 
hibernation. It was found, however, that immature stages developing in 
E. kuehniella larvae placed in cold storage at 38° to 40° F for a period of 
three months completed development and emerged after removal. It 
is thought that this species will have the advantage of the other species 
in surviving the field clean-up by overwintering in pink bollworms in the 
soil. —3-15-37. 

Narcissus bulb quarantines of Washington and Oregon were recently revised to include 


sanitation requirements on narcissus planting stock and to make certain changes in the 
required treatment for bulb flies and eelworm 


Kansas and Missouri are brought within the list of states designated as infested with th 
oriental fruit moth under a revision of the Nevada quarantine relating to the pest, whic! 
was put into effect on October 1. 











Tests for Boll Weevil Control 
Using Latin Square Plat Arrangement, 
Tallulah, La., 1936 


C. Gaines, U.S. Department of {gre ulture, Bureau of Entor ogy an l Plant Quarantine 


\ plat of approximately .7 acre of land, 126 feet by 242 feet, was re- 
quired for this test. Sixteen plats were staked out and were arranged in a 
Latin square, with four replications for each treatment. Each treatment 
appeared once in each row and once in each column, and in no ease in 
adjacent plats. Each plat was one-fortieth of an acre in area and con- 
sisted of six rows that were 3.5 feet in width and 51.86 feet in length. 
lhe rows were very carefully measured and were laid off with a hand- 
perated graden plow. On May 4 cotton seed of the variety D.P.L. 11 
was hand-planted in hills 15 inches apart. The cotton was later thinned 
to two plants per hill. On June 2 nitrate of soda was applied to the cotton 
at the rate of 120 pounds per acre, and on July 7 a second application was 

Table 1.—Records of square infestation by boll weevil on treated and untreated 
plats. Treatments were begun July 28. 





Dari AVERAGE PerRcENTAGES, Four PLats Eacu, or PUNCTURED SQUARES 

Plats No. 3 Plats No t 

Plats No l Plats Ne “4 ( ale tum \rse Calcium \rse- 

Untreated Calcium Arsenate nate-Lime 50:50 nate-Sulfur 50:50 

Julv 6 6.5 S 8 8.5 13.3 
July 13 5.8 2.6 10.1 5.5 
July 20 3.3 } 5.9 3.6 
July 27 12.9 14.6 17.5 14.4 
August 5 86.5 21 28.6 26.1 
August 10 50.4 16.9 25.4 23.9 





made at the same rate. Four plats numbered 1 were left untreated to 
serve as a check, four plats numbered 2 were dusted with calcium arse- 
nate, four plats numbered 3 were dusted with a mixture of equal parts 
by weight of calcium arsenate and hydrated lime, and four plats num- 
bered 4 were dusted with a mixture of equal parts by weight of calcium 
rsenate and a good grade of dusting sulphur. 
\s there was no initial infestation of the boll weevil, Anthonomus 
indis Boh., in the plats, it was necessary to introduce boll weevils. 
On June 4 one pair, of overwintered boll weevils was introduced into 
each of the 16 plats and on June 10 another pair was introduced into each 
plat. On account of very unfavorable weather conditions for the multi- 
plication of boll weevils during June, none of these boll weevils lived 
sufficiently long to deposit eggs in squares. On June 24 and 25 two pairs 
f first-generation boll weevils were introduced into each of the 16 plats. 
Conditions were favorable for the multiplication, of boll weevils during 
most of July but were very unfavorable during August and September. 
Table 1 presents square-infestation records made at weekly intervals 
rom July 6 to August 10. These records, as well as the ones which follow, 
vere all made on the two center rows in each plat. On July 6, 13 and 20 
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Fig. 1. 1, Average number of cotton blooms per acre from July 13 to August 1S 
B, average number of bolls per acre on August 26; C, average number of pounds o 
seed cotton per acre Plats 1 untreated, plats 2 treated with calcium arsenate, plats 
treated with calcium arsenate and lime 50:50, plats 4 treated with calcium arsenat: 





and sulfur 50:50 


a comparatively light infestation was found in all of the plats. On July 27 


the average infestation in plats 1 was 12.9 per cent; in plats 2, 14.6 per 
cent; in plats 3, 17.5 per cent; and in plats 4, 14.4 per cent. Applications 
of poison were started on July 28 and were continued at approximately 
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ur-day intervals until August 26. A total of eight applications was 
iade on each of the treated plats. Plats 2 received an average of 7.21 
ounds of calcium arsenate per acre per application; plats 3 an average 
| 7.25 pounds of calcium arsenate and lime 50:50; and plats 4 an aver- 
ge of 7.62 pounds of calcium arsenate and sulfur 50:50. All applications 
ere made with hand guns. Before and after an application was made to 
plat, the gun was weighed on platform scales that would weigh to one- 
urth of an ounce. The poison used was then computed upon an acre 
basis. On August 10 the average infestation in plats 1 was 50.4 per cent; 
| plats 2, 16.9 per cent; in plats 3, 25.4 per cent; and in plats 4, 23.9 per 
cent. 
Figure 1, A, presents graphically bloom count records from July 13 to 
\ugust 18, inclusive. It will be noted that after poison applications were 


Table 2.—Average production in pounds of seed cotton per acre on treated and un- 
treated plats. 








AVERAGI DirrERENCI DirFERENCE FROM 
PLAT YIELD KOM CALCIUM 
No PREATMEN per A CuecKk* ARSENATI 
| Untreated 2380 
2 Calcium arsenate 2040 200) 
Calcium arsenate and 2544 1G4 96 
lime 0550 
} Calcium arsenate and 2002 "4 Ss 
sulfur 50:50 
*e st 1 diff t n be nsid sig tis 152.44] 


begun on July 28 the greatest blooming occurred in plats 2, which were 
treated with calcium arsenate, followed by plats 4, which were treatea 
with calcium arsenate and sulfur 50:50, and plats 3, which were treated 
with calcium arsenate and lime 50:50. The difference in blooming was 
very slightly in favor of the sulfur mixture over the lime mixture. Bloom- 
ing was considerably greater in all of the treated plats than in the un- 
treated plats. 

On August 3 the average height of the plants in plats 1 was 44.38 inches; 
n plats 2, 43.56 inches; in plats 3, 45.38 inches; and in plats 4, 44.2 
nches. These records indicate very uniform plant growth throughout the 
arious plats, the greatest difference between any of the average heights 
being only 1.82 inches. 

On August 26, plants on the two center rows in each plat were counted 
ind the number was computed upon an acre basis. In plats 1 the average 
number of plants per acre was 18,990; in plats 2, 18,990; in plats 3, 
19,320; and in plats 4, 19,290. The number of plants per acre was very 
iniferm throughout all of the plats, the greatest difference between any 
{ the averages being only 330 plants per acre. 

On August 26 boll-count records indicated that there were 181,080 
lls per acre in plats 1; 199,560 in plats 2; 189,300 in plats 3; and 
193,920 in plats 4. These figures are presented graphically in fig. 1. The 
vreatest number of bolls was found in plats 2, which were treated with 
calcium arsenate, followed in order by plats 4, which were treated with 
calcium arsenate and sulfur 50:50, and plats 3, which were treated with 
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calcium arsenate and lime 50:50. Plats 1, which were untreated, showe: 
the smallest number of bolls. 

Table 2 presents the average yields for the three plats receiving differ 
ent treatments. As the cotton was planted in plats forming a Lati 
square, the data were analyzed by the method of analysis of the variance: 
The variance attributed to soil heterogeneity was eliminated. Then the 
least mean difference between any two plats that could be considere 
significant was computed. This difference was found to be 152.44 pounds 
per acre. Plats 2, which were treated with calcium arsenate, produced a1 
average of 260 pounds of seed cotton, or 10.9 per cent, more than the un 
treated plats. Plats 4, which were treated with calcium arsenate and 
sulfur 50:50, produced an average of 222 pounds, or 9.3 per cent, mor 
than the untreated plats. Plats 3, which were treated with calcium ars: 
nate and lime 50:50, produced an average of 164 pounds, or 6.9 per cent, 
more than the untreated plats. All these differences can be judged sig 
nificant. There were no significant differences in vield, however, between 
any two of the various treatments with calcium arsenate, although the 
average increase in vield of the calcium arsenate treatments over those 
with calcium arsenate and lime 50:50 was greater than the increase in 
yield of the calcium arsenate treatments over those with calcium arsenat: 
and sulfur 50:50. 

Summary.— Infestation records indicated that the best boll weevil con 
trol was secured with calcium arsenate followed in order by calcium arse 
nate and sulfur 50:50 and calcium arsenate and lime 50:50. Records of 
plant height indicated uniform plant growth throughout the various plats 
Plant counts indicated a very uniform number of plants throughout the 
plats. Bloom counts and boll counts indicated that there was a greater 
amount of fruiting in the plats treated with calcium arsenate, followed 
in order by plats treated with calcium arsenate and sulfur 50:50 and 
plats treated with calcium arsenate and lime 50:50, with the untreated 
plats producing the smallest amount of fruit. These records all seem to 
fit in very nicely with the yields. 

It appears that the increased yields caused by the three different treat 
ments used when compared wiih yields in untreated plats are significant ; 
that the increased yield for calcium arsenate treatments over treatments 
of calcium arsenate and lime 50:50 is not significant; and that the in 
creased yield for calcium arsenate treatments over treatments with eal 
cium arsenate and sulfur 50:50 is not significant—3-15-37. 


Cotton Flea Hopper, an Ecological 
Problem 


F. L. Tuomas and W. L. Owen, Jr., Texas Agricultural Exp 


Coll ye Station 

The cotton flea hopper, Psallus seriatus, has come to be generally con 
sidered one of the major insect pests in Texas. As such it has received 
intensive study by both state and federal workers for a period of more 
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than 10 years. In spite of the investigations which have been conducted 
nd which have resulted in the development of satisfactory control 
easures, there are still probably more unsolved problems connected 
ith this insect than with any other major pest attacking cotton in the 
southwest. 

Flea hopper injury as arule is greater on the heavier than on the lighter 
types of soils, and has attracted more attention in the black land region 
than in east Texas. It is a common observation that injury is worse 
within a cotton field than on the margin of the field, or than in cotton 
rows closely adjacent to other crops when strip planting is practiced. 

These observations are a few among the many that have puzzled in- 

estigators of the cotton flea hopper. 

The explanation of these occurrences may be found in the fact that 
njury to the cotton crop by the cotton flea hopper is due more to the 
scarcity of other plants or weeds such as primrose, the horsemints, and 
croton or goatweeds, which the insect prefers, than to any choice it 
exercises In its selection of cotton. 

That cotton is not a preferred host of the cotton flea hopper is a most 
important point. The weeds mentioned are always more heavily infested 
in the blooming stage than is cotton when growing in the same vicinity. 
Llowever, cotton is acceptable to the insects when it is succulent, but 
whenever the growth of cotton is retarded because of dry weather or 
heavy fruiting, most of the adult flea hoppers take flight for longer or 
shorter distances and may be carried out of the fields by the winds. The 
insects continue this migrating until suitable host plants are found. 

Let us look at the situation when the insects hatch from the overwin- 
tered eggs that were laid in the fall weeds. These weeds often are in 
locations where the favored spring host plants of the flea hopper are few 
and far between. After hatching, some of the young nymphs may be 
whipped away by the winds, but practically all of the newly hatched 
insects during March and April are forced to feed on most any form of 
tender vegetation. For example, they can exist and mature upon grass. 

With maturity comes a greatly increased power of selection, and the 
young adult flea hoppers are not slow to take advantage of their ability 
to fly and search for host plants that are suitable, especially when the 
spring vegetation has been retarded by weather conditions. Once the 
insects start flying, there is no telling where they may come to rest. 

Generally, the first adults are found soon after cotton comes up. As 
the young cotton becomes large enough to afford some shelter, and suc- 
culent enough to be both satisfactory for food and egg-laying purposes, 
it is not surprising that the flea hopper temporarily accepts this new plant 
as a welcome change from its enforced diet while in the nymphal stage. 

If the cotton field is typical of those in the black land area, it may be 
difficult for the insect to find anything except cotton on which to feed 
and lay eggs. The fields are usually large, more land is in cultivation, 
and spring hosts other than cotton are comparatively scarce. On the 
ther hand, if the flea hopper drifts into a region where the soils are 
lighter or sandy in nature, the cotton fields are usually smaller, there is 
more uncultivated land and also a larger variety of weed hosts on which 


the insect may feed. 
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When studying the flea hopper infestation in the sandy land areas it 
has been observed that there often would he one or more spots within a 
field where the infestation would be heavier and that these points of 
heavier infestation frequently change from week to week. Some of the 
highest counts were recorded in fields which had no weed hosts near. 

Is it not reasonable to suppose, then, that as the flea hoppers attempt 
to find other hosts, more of those insects that are in the small cotton 
fields or in the edges of the large cotton fields may be more successful 
in getting away to another environment? And, furthermore, the presence 
of a tall-growing crop, such as grain sorghum or corn planted adjacent 
to or in strips through a cotton field according to the practice in the 
black land area, may cause these migrating flea hoppers to rise higher 
while in flight and possibly be carried further by the winds. Whether 
or not this explanation is correct, the practice of strip planting with tall 
growing crops is well established and has been found to be beneficial in 
materially reducing a medium to light infestation of flea hoppers in 
the adjacent cotton rows. 

In general, the smaller the cotton fields the sooner will flea hoppers 
leave them and seek their preferred weed hosts. The larger the cotton 
planted area and the cleaner the cultivation, the more severe the flea 
hopper infestation and the greater the proportionate damage will be, 
other things being equal. Of course, the water-retaining capacity of the 
heavy soils is a factor in the length of the period that cotton may re 
main succulent and still attractive to the flea hopper 

Since it has been shown that there is a relation between the extent of 
flea hopper injury and the immediate environment of the cotton fields, 
the remedy would consist in changing the environment in such a way 
as to enable the cotton grower to avoid much of the damage occurring 
in cotton in an area where the flea hopper has difficulty in finding its 
pre ferred food plants. 

The changes suggested are for the black land area; they are not new 
but simply good farming and soil conserving practices. Strip planting, 
a form of crop rotation and diversification, is recommended. These 
suggestions are not recommended as a substitute for dust applications 
under conditions of heavy infestation, but if practiced may prove valu 
able in preventing considerable insect injury when the infestation ts 
medium. 

Give the cotton flea hopper a chance to find its preferred hosts and 
thereby relieve to some extent the necessity for its having to feed on 
cotton.—3-4-37. 


Cotton Flea Hopper Control in 1936 


K. P. Ewine and R. L. McGarr, U.S. Department of A 
Bureau of Entomology and Plant (pu miter 


In 1935 mixtures of Paris green and sulfur showed up to good advan 
tage in controlling the cotton flea hopper, Psallus seriatus Reut. Late 
season experiments with a mixture of calcium arsenate and sulfur showed 
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his material also to be promising. In 1936 eight experiments were con- 
lucted at Port Lavaca, Tex., to compare sulfur, a mixture of 10 per cent 
Paris green and 90 per cent sulfur, and a mixture of 20 per cent calcium 
irsenate and 80 per cent sulfur for the control of this insect. The sulfur 
vas 97-98 per cent pure, with 98—100 per cent passing a 325-mesh screen. 
he Paris green and the caleium arsenate were of standard commercial 
juality. The mixtures were prepared by a commercial company in a 
arge mixing machine to insure thorough mixing. 
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f cotton in Calhoun county, Tex., 1933-36 


Excessive rains lowered the yield of cotton and materially reduced 
the gain that would otherwise have resulted from the dusting. During 
May, June and July, the critical months of cotton fruiting in the Gulf 
coast section of Texas, the total rainfall at Port Lavaca was 25.96 inches. 
Che rainfall in May was 10.4 inches, during the last four days of June it 
was 4.63 inches, and in July it was 10.98 inches. On July 15 the rainfall 
in Calhoun county ranged from 4.95 inches at Port Lavaca to 14 inches 
in the southern part of the county. 

The infestation of cotton flea hoppers was much lighter and occurred 
later in 1986 than in any of the three preceding years. Figure 1 shows the 
average infestation in Calhoun county during May, June and July from 
1933 to 1936, inclusive. These records are averages of weekly counts in 
an average of 20 fields, each record representing approximately 12,000 
cotton plants. 

Small-plot experiments.—There were four small-plot experiments, 
each comprising four l-acre plots. Three plots were dusted, one with each 
material, and one was left untreated as a check. 

Dust AppLications.— In two of the experiments the dusted plots re- 
ceived five applications, in one experiment they were dusted four times, 
and in one they were dusted twice, which made an average of four dust 
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applications per experiment. The dusting was done at five-day intervals 
in three of the experiments and at 10-day intervals in the other. Th 
average quantities of dust per acre-application were as follows: Sulfur 
12.33 pounds, Paris green and sulfur mixture 12.73 pounds, and calcium 
arsenate and sulfur mixture 12.86 pounds. 

INFESTATION Recorps.—Four to six infestation records were made in 
each experiment, the average being 5.3. For each record 300 terminal 
buds of cotton plants were inspected per plot. The first records were 
made between June 2 and 16 and the last records between July 20 and 25 
In each experiment the first dust application was made the day after the 
first infestation record. 
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Fig. 2._-Cotton flea hopper infestation records in small-plot experiments at Port 
Lavaca, Tex., 1936, showing control secured from different treatments 


Figure 2 summarizes the cotton flea hopper infestation in the plots 
receiving the different treatments. It will be noted that there was very 
little difference in the control secured from the two mixtures, but that 
both mixtures gave better control than the sulfur. The average numbers 
of cotton flea hoppers per 100 buds, after dusting was begun, in the plots 
receiving the different treatments were as follows: check 39.5, sulfur 16.2, 
calcium arsenate and sulfur mixture 8.7, and Paris green and sulfur mix- 
ture 8.2. 

Bioom Counts.—The white blooms on the 10 middle rows of each 
plot were also counted. Three such records were made in three of the 
experiments and one in the fourth. These records, which are summarized 
in fig. 8, show practically no difference between the fruiting of the cotton 
in the plots dusted with the mixtures, the average being 3078 blooms per 
acre in the plots dusted with the Paris green and sulfur mixture and 3030 
in the plots dusted with the calcium arsenate and sulfur mixture. The 
plots treated with sulfur averaged 2642 blooms, which is approximately 
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‘6 per cent as many as the plots treated with the mixtures, while the 
heck plots averaged only 1186, or less than half as many as any of the 
lusted plots. 

YireLp Recorps.—The average yield from the check plots was 455 
wounds of seed cotton per acre. The average gain from the Paris green 
and sulfur mixture was 127.3 pounds, from the calcium arsenate and 
sulfur mixture 94 pounds, and from the sulfur 88.3 pounds. The net 
profit per acre from the treatments was as follows: Paris green and sulfur 
mixture $1.79, sulfur $1.29, and calcium arsenate and sulfur mixture 


$1.12. 
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Large-scale experiments.—Four large-scale experiments were con- 
ducted in a similar manner to the small-plot experiments except that 
team-drawn or tractor machines were used in distributing the dust and 
the average size of the dusted fields was 7.2 acres and of the checks 9.6 
acres, 

Dust AppLications.—In three experiments the fields were dusted 
twice, with about 10 days between applications, and in one experiment 
they were dusted once, making an average of 1.75 applications per ex- 
periment. In each experiment the first dust application was made one 
to three days after the first infestation record. The average quantities 
of dust applied per acre-application were as follows: sulfur 14.5 pounds, 
Paris green and sulfur mixture 13.2 pounds, and calcium arsenate and 
sulfur mixture 14.4 pounds. 

INFESTATION Recorps.— Four infestation records were made in each 
experiment. The first records were made between June 5 and 18, and the 
last records between July 22 and 24. A summary of these records is given 
in fig. 4. It will be noted that each dust gave considerable control of the 
cotton flea hopper, the two mixtures giving the best control and the 
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sulfur the poorest. After dusting was begun, the average numbers of cot 

ton flea hoppers per 100 buds in the different plots were as follows: check 
$1.4, sulfur 19.1, Paris green and sulfur mixture 14, and calcium arsenat: 
and sulfur mixture 13.7. 

Gain.—The average gain from the sulfur treatment was 133.8 pounds 
of seed cotton per acre, or a net profit of $4.52; from the Paris green and 
sulfur mixture 130.4 pounds, or a net profit of $3.94; and from the cal 
cium arsenate and sulfur mixture 129.7 pounds, or a net profit o1 $4.18. 

Summary.—F our small-plot experiments and four large-scale dusting 
experiments were conducted in 1936, comparing sulfur, a mixture of 10 
per cent Paris green and 90 per cent sulfur, and a mixture of 20 per cent 
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Fig. 4. Cotton flea hopper infestation records in large-scale experiments at Port 

Lavaca, Tex., 1936, showing control secured from different treatments 


calcium arsenate and 80 per cent sulfur for control of the cotton flea hop 
per. Infestation records showed practically no difference between the 
control secured from the two mixtures, and both mixtures gave better 
control than the sulfur alone. 

Bloom counts in the small-plot experiments showed that the cotton 
in the plots dusted with each mixture fruited about alike. In the plots 
dusted with sulfur there was an average of 86 per cent as many blooms 
as in the plots dusted with the mixtures, while in the untreated plots 
there were less than half as many as in any of the treated plots. 

i xcessive rains during the normal fruiting season seriously affected the 
yield and reduced the gain that might otherwise have resulted from the 
control measures. The average gain in pounds of seed cotton per acre 
from the eight experiments was as follows: Paris green and sulfur mix 
ture 128.9 pounds, calcium arsenate and sulfur mixture 111.9 pounds, 
and sulfur 111.1 pounds.—3-1-37. 














Thrips Damage to Cotton 


EK. W. Dunnam and J. C. Ciuark, U.S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


Severe injury by thrips was observed in experimental plots of cotton 
it Stoneville, Miss., during the spring of 1936, and the species Frank- 

niella tritict Fitch, F. fusca Hinds. F. runnert Morgan and Sericothrips 
ariabilis Beach were identified as contributing to this damage. This 
infestation furnished an opportunity to study the possible variation in 
the percentage of thrips-damaged plants in 40 varieties when there was 
a difference in the number of stalks left in the hill and when the date of 
chopping was delayed, and to observe the effect that the damage to the 
plants might have on the time of fruiting, quantity of cotton produced 
and the quality of lint. 

Methods.—In the plots available for this study there were 40 varie- 
ties, strains or selections, arranged systematically in eight replications. 
Each replication or series consisted of 40 rows 120 feet long. When the 
plants averaged about 12 inches in height each plant in all replications 

Table 1.—Percentage of cotton plants damaged by thrips under different condi- 


tions of growth at Stoneville, Miss., in 1936. There were 40 varieties of cotton, with 
plants spaced approximately 12 inches apart in the drill. 





Per Cent 
AVERAGE No PLANTS WITH 
No. SERIES STALKS No TerMinaL Bup 
lime or Cuorrin REPRESENTED rer Hl PLANTS DersTROYED 
Karly 6 2.79 SO. 267 ) 24 
Karly l | $, 882 21.02 
Delaved one weel l 2.08 9,999 20.27 
asa ary \ / IO, 14S 1] 





was carefully examined and records were made of the injury caused by 
thrips. To secure uniform development in one series the plants in the 
drill were thinned to one stalk in the hill. 

If the terminal bud on a plant throughout any of the eight series was 
entirely destroyed and side branches had developed, a conspicuous tag 
was placed on the plant, and a normal plant nearby that showed no 
trace of abnormality was selected as a control. As soon as blooms began 
to appear, small dated tags were attached daily to 25 blooms on each 
row throughout the season without respect to the type of plant. When 
the crop had matured, cotton samples were gathered by picking all cot 
ton from damaged plants in each variety and from the selected normal 
plants growing by their side. 

Results.— The results obtained from examination of the terminal buds 
of all varieties under the various conditions are presented in table 1. 

In six series of early chopped cotton in which the hill consisted of an 
average of 2.79 stalks, the highest average percentage of plants with the 
terminal bud destroyed in any variety was 13.83, the lowest 5.51 and 
the average 9.24 per cent. In one series under corresponding conditions, 
but thinned to one stalk in the hill, the highest and lowest percentages 
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were 40.34 and 5, with an average of 21.02 per cent. In another series it 
which the hill consisted of an average of 2.08 stalks, and chopping was 
delayed one week, the highest and lowest percentages of damage wer 
38.56 and 11.24 respectively, and the average was 20.27 per cent. Thes: 
data show that delayed chopping or chopping early and thinning to on 
stalk per hill significantly increased the damage. Apparently the delayed 
chopping favored an increase in 


Table 2.—P t f bolls set by : : 
pone oe en | 6. thrips population on the larger 


40 varieties of cotton, as recorded 





weekly, Stoneville, Miss., 1936. and more abundant weed growth 
among the cotton. The stunting 

Dats _ ‘eae fe tc — effect of the larger weeds on cotton 
— “+ seedlings might also have contrib 


uted to the increased damage 


ye $3.91 32.23 Where only one stalk was left in 
= BF og ae the hill the increased damage was 
juste, war gem possibly due to a greater concen 
August 4-10 97.09 93.30 tration of these insects on the re 
ae oe — a maining plants after chopping. 


Table 2 records the percentages 
of bolls set at weekly intervals throughout the fruiting season. 

These data show that the average crop of bolls was set more rapidly 
on the normal plants. Approximately 10 days intervened from the time 
that 74.63 per cent of the bolls had set on the normal plants until an 
equal percentage had set on the thrips-damaged plants. Approximately 
14 days elapsed between the time 93.37 per cent of bolls had set on 
the normal and damaged plants. 

\n average loss of 7.72 per cent in the number of bolls and of 13.58 
per cent in seed cotton was shown by the damaged plants as compared 
with normal plants. 

Commercial classing of lint showed that none of the samples from the 
damaged plants were of higher grade than the samples from norma! 
plants of the same varieties, and in seven varieties there was a loss of 
one thirty-second of an inch in staple length. 

Discussion. —The numbers of seedlings per plot before chopping were 
unequal, since the viability of seed among the varieties showed great 
variation. Since it is shown that the number of stalks in the hill influenced 
the amount of damage it is not logical to attribute any variation in 
damage to varietal resistance. The type of terminal bud in different 
varieties, however, may have some effect on the damage and warrants 
further study. 

The damaged plants of all varieties produced their crop of bolls later 
in the season, and 26 of the 40 varieties showed a decrease in the numbers 
of bolls produced. Two varieties produced the same number of bolls on 
both injured and normal plants, but in an equal number of bolls on both 
types of plants less seed cotton was produced by the damaged plants 
The other 12 varieties produced a greater number of bolls on the dam 
aged plants. Six of these showed a loss in seed cotton production and 
the other six showed a slight gain in seed cotton. Of the 40 varieties 
under observation, 34 produced less seed cotton on the damaged plants 
than on the normal plants 
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Since in the entire experiment the average seed cotton loss (13.38 per 
ent) was nearly twice the loss in boll production (7.72 per cent), it is 
seen that the average size of the bolls was reduced in the damaged 
ilants. 

In these observations the factor of boll weevil damage was entirely 
liminated because of noinfestation. It is difficult to estimate what would 
ave been the comparative cotton loss under heavy weevil damage, but 
{ appears almost certain that the percentage loss would have been much 

vreater in the damaged plants, since their bolls were produced later in 
he season than were those on the normal plants. It is a well-known fact 
that under conditions of heavy weevil infestation a crop may be seri- 
uisly influenced by just a few days’ delay in the maximum fruiting 
period. It may be of interest to know that one of the fast-fruiting varie- 
ties produced 75 per cent of its crop on the normal plants by July 5, 
whereas for a slow-fruiting variety an equal percentage was not produced 
intil July 28. There was a tendency for the bud damage to delay the 
fruiting period longer for the fast-fruiting varieties than for the others. 

Summary.—In this study of thrips injury to 40 varieties of cotton it 
vas found that early chopping and allowing a greater number of stalks 
to the hill decreased the percentage of terminal bud damage. No differ- 

ence in varietal infestation was observed under the conditions of the 
experiment. 

The average boll crop for all varieties was reduced 7.72 per cent and 
was set from 10 days to two weeks later on the damaged plants than on 
the normal plants. The average loss of 13.38 per cent in seed cotton 
showed that there was also a decrease in the size of bolls produced by 
the damaged plants. Destruction of the terminal buds caused a loss in 
seed cotton production in 34 of the 40° varieties. 

Commercial classification of the lint showed a loss in staple length 


_~ 
‘ 


on damaged plants of seven varieties.—3-15-3 


Species of Thrips Found on Cotton in 
South Carolina 


a Agr I 


Station, Clemson 


I. G. Warts, South Car 


lhysanoptera damage to cotton in the south is usually referred to col- 
lectively as “thrips injury” without discrimination and often without a 
knowledge of the species involved. In many cases a knowledge of the 
species present may be of no significant importance since control meas- 
ires for one will be equally effective against certain others, but in other 
instances it may be highly desirable to know the species involved when 
tis remembered that Frankliniella fusca (Hinds) requires approximately 
five days more to complete its development than does its close relative 
I’. tritici (Fiteh) (Watts 1986), and when it is realized that still greater 
lifferences may exist among other important species whose life histories 
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are not known. Possible differences in resistance to control measures and 
differences in adaptability to various cotton varieites of the several 
economic species may, when thoroughly studied, prove even more im- 
portant than any differences which may exist in developmental periods. 

The number of species of thrips on cotton is probably greater and more 
varied than on any other farm crop grown in South Carolina. A total 
of 13 species has been found representing 10 genera belonging to thre« 
families and two suborders. 

Frankliniella tritici (Fitch), the flower thrips, more than equaled the 
total population of all other species on cotton between the vears 1981 to 
1935 inclusive, but in 1986 it was the third most abundant. This species 
is primarily a flower-feeding form and past reports of its injury to plants 
other than cotton, such as roses, carnations, strawberries, beans, ete., 
have been largely on the flowering parts. The injury to seedling cotton 
is done by both adults and larvae, but the latter are usually more abun 
dant and probably do more damage. Large numbers of both adults and 
larvae are almost invariably present in the cotton blossoms but no result 
ing damage has ever been observed. The life history and habits of this 
species have been worked out and reported (Watts 1936). 

Frankliniella fusca (Hinds), the tobacco thrips, was first known as a 
pest of shade-grown tobacco about 1904 but in more recent years has 
become one of the more important thrips on cotton. This species, which 
ranks about second in importance, is found regularly on cotton in moder- 
ate abundance, seldom occurring in sporadic outbreaks. It is usually the 
first species to migrate to the cotton seedlings in the spring, where injury 
is indistinguishable from that of tritie?. On the mature plant fusca is 
found not in the blossoms but on the under surface of the leaves, where 
its feeding does not result in any evident injury. Feeding is restricted 
almost exclusively to the leaves of its host plants, which hosts are neither 
as extensive nor as diversified as those of F. tritici. The life history and 
habits on tobacco were reported by Hooker (1905), and on cotton by 
Eddy & Livingston (1981) and the writer (Watts 1936). 

Franklinie lla wilhamst Hoe ud is not considered an economic species at 
present because of its limited population, but there is a possibility of its 
becoming of importance if optimum weather conditions for its develop 
ment should occur. It commonly occurs on cotton where its feeding 
habits are very similar to those of fusca. The host plants are also fewer 
and the distribution more limited than is the case with fusca. To the 
W riter’s knowledge, ho work on the life history of this species has been 
published. 

Thrips tabaci Lind., the onion thrips, is probably the most indiserimi 
nate of plant-feeding Thysanoptera, having been recorded from a wide 
range of unrelated plants, and is practically world-wide in distribution 
It is regularly found on cotton, but is rarely if ever the most important 
species in the southern states. The writer has no knowledge of its rela 
tion to more mature cotton grown under irrigation in the West, but in 
Europe it is reported (MacGill 1927) to become at times quite a serious 
pest. The life history of this species has been worked out and reported on 
probably more than any other thrips. 

Thrips panicus Moulton was described in 1929 from Cuba and Hawaii 
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nd probably is now for the first time reported from the United States. 
Specimens identified as this species by Dudley Moulton of California 
were taken on cotton in 1936 at Walterboro, S. C., which lies in the south- 
rn part of the state about 30 miles from the coast. It was present in 
rather small numbers and may have been of limited local importance. 

Nothing is known of its life history. 

Sericothrips variabilis (Beach) was present on cotton in South Carolina 
from 1981 to 1935, inclusive, in unimport int numbers, but in 1936 it 
constituted about 75 per cent of the entire population, which caused 
rather serious damage in the a hae half of the state. It was the pre- 
dominating species in every cotton field examined in 21 counties, but 
extensive injury was not present in all cases. It has Nace found on quite 
a variety of plants, and from past experience it apparently requires 
a restricted combination of climatic conditions in order to develop in 
abundance. Apparently this thrips has been of little economic importance 

previous years because its name has seldom appeared in literature 
among the economic forms. The writer has under way at the present 
time a study of the life history of this species. 

Echinothrips americanus Morgan is primarily a greenhouse thrips and 
is seldom found on cotton in the field, but on one occasion a heavy infes- 
tation developed on half-grown cotton which was caged in soil tables at 
Clemson, 5. C. The infestation was allowed to develop and in a few weeks 
all the plants were killed. 

Limothrips cerealium Haliday occurs throughout the eastern half of 
the United States, in Europe, northern Africa and the Hawaiian islands, 
mostly on grasses and small grains on which it is known to develop. Its 
occurrence on cotton is almost invariably as an adult insect in fields or 
areas adjacent to small grain. Its typical food habits are such that it is 
not likely to become a cotton pest. 

Anaphothrips obscurus (Mull.), commonly known as the northern 
grass thrips, is scarce in South Carolina and is only an occasional visitor 
of the cotton plant. 

Aeolothrips bicolor Hinds is reported Russell 1912) to be predaceous 
on the onion thrips, but is also very likely a plant feeder in addition. It 
is found mostly on grasses and occasionally on cotton. 

Stomatothrips flarus Hood is rare in South Carolina and the only 
reeord of its occurrence is on cotton. Taxonomically it is related to the 
preceding species and probably also has similar food habits. 

Leptothrips mali (Fiteh) is a solitary species occurring on many trees, 
shrubs and herbs. It is commonly known as the “black hunter” and ts 
reported (Treherne 1918) to be predaceous on other thrips and small in- 
sects. It is occasionally found on cotton. 

Liothrips sp. was taken once from cotton but very likely was an acci- 
dental visitor. 

From the 13 species listed, four can be pointed out as causing appreci- 
able injury to cotton at irregular intervals: F. tritici, F. fusca, T. tabaci 
and S. variabilis. F. williamsi might be regarded as a pote ntial source of 
injury since it is frequently found on cotton and its habits and injury 
are practically identical with the other economic species mentioned. 
I’. panicus, though only recently found on cotton, is a close relative of 
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and has habits similar to certain economic species, and is therefore in a 
doubtful status. None of the seven remaining species are likely to be 
come of economic importance on cotton.—3-4-37. 
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Reduction of Cotton Yield by Thrips 
J. G. Warts, South Carolina Agricultura Experiment Station, ¢ ” 


Thrips injury to cotton is a subject relatively new in entomological 
literature, and it is believed that its importance is not fully known and 
appreciated. In the United States thrips injury to cotton might be con 
sidered as falling in two natural groupings: (1) injury to the mature 
plant from which recovery is limited and which occurs in the west where 
all of the cotton is grown under irrigation, and (2) injury restricted to 
seedlings and small plants resulting in an excessively branched mature 
plant and which occurs in the eastern half of the cotton belt. It is the 
latter type of injury with which this paper deals. 

To emphasize the suddenness and short duration of thrips attacks 
the season of 1936 is briefly reviewed. The thrips injury to cotton dur- 
ing the 1986 season, which was no exception, was done in an astonish 
ingly short time. Recorded in field notes of May 4 was mention of the 
occurrence of only scattered adults on young seedlings, but by May 13 
larvae were abundant and doing serious damage. By May 20 the popu 
lation had begun to diminish and after that date there was very littl 
damage 

Research workers as well as farmers have often asked if thrips actually 
cause any reduction in cotton yields. With no definite experimental in 
formation at hand relative to this question, a dependable answer could 
not be given. It had been taken for granted that feeding of the hordes 
of thrips which often frequent young cotton seedlings would in all prob- 
ability result in a reduction of cotton yields. On the other hand stalks 
injured by thrips apparently overcome the resulting stunted condition 
to a large extent by the time fruiting has begun. To determine whether 
or not any ultimate loss results the following experiment was set up. 

A field which was heavily infested with thrips and showed signs of 
serious thrips injury was selected in which to lay out the experiment. In 


' Technical contribution 47 from the Entomology Department of the South Carolina Agricultural Experi- 
ment Station. 
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this field a representative area was selected in which were staked and 
numbered 100 stalks that had been severely injured by thrips. A stalk 
was considered to have been severely injured when the terminal bud of 
the seedling had been killed back so that two or more main branches 
grew out instead of one. Beside or very close by each injured stalk, a 
stalk with as little injury as possible was selected as a check, thus making 
a total of 200 stalks under observation. A daily examination for white 
blooms was made throughout the blossoming season which for this par- 
ticular field covered the period from June 20 to August 18. The first 
white blossoms appeared on the normal stalks June 20; on June 30 they 
appeared on stalks injured by thrips. The last white blossoms appeared 


Table 1.—Blossoming records on normal cotton and cotton severely injured by 
thrips, Florence, S. C., 1936, showing seasonal distribution of blossoms and per cent 
of the total open to last date. 





Dati 100 NORMAL STALKS 100 Turips-INJURED STALKS 
Per Cent Per Cent 
No. Open to No. Open to 
Blossoms Last Date Blossoms Last Date 
June 11-20 2 O45 0 0 
June 21-30 229 5.26 l O35 
July 1-10 937 26.59 B46 12.11 
July 11-20 1764 66.77 1176 53.16 
July 21-31 1414 98.98 1240 96.44 
August 1-10 ++ 99.99 102 100, 
August 11-20 l 100 
Total blossoms A391 R65 





\ugust 11 on the normal stalks and August 10 on the thrips-injured 
stalks. On 50 days there were white blooms on the normal stalks but 
blooms continued on thrips-injured stalks only 42 days, table 1. 

It was fourd that the injured series was 10 days later than the normal 
series in putting on the first blooms, that the injured series bloomed on 
eight days less than the normal plants, and that they both stopped 
blooming at approximately the same time. Aside from the delay in 
blooming quite a number, but by no means all, of the mature plants in 
the injured series were decidedly below average in vitality. This in all 
probability was due mostly to starvation because of the deprivation of 
soil nutriment as well as sunlight by the uninjured healthy plants. There 
is also the possibility of a resulting toxic substance in the plant because 
of excessively heavy feeding by thrips. The reduced vitality together with 
delay in fruiting resulted in the injured series opening only 65 per cent 
as many blossoms as the uninjured. 

It becomes evident at once, therefore, that when cotton is severely 
injured by thrips and delayed in its fruiting for 10 days or more, the 
boll weevil issue becomes of more importance. In average and severe 
boll weevil years the delay in fruiting caused by thrips injury becomes 
of particular importance because much of the late fruit that otherwise 
would mature is destroyed by the boll weevil. The control or suppression 
of thrips would, therefore, become one of the first steps in reducing the 
amount of boll weevil loss. 
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Following the completion of the data on bloom counts, complete rec 
ords on boll and seed cotton production were kept on the injured and 
uninjured series of plants. Weights of the seed cotton were made in 
grams to facilitate accuracy in making small weights but the total is 


also given in pounds. Production records are presented in table 2. 


Table 2.—Boll and seed cotton production on normal plants and on plants severely 
injured by thrips, Florence, S. C., 1936. 





100 ‘THrips- 


100 NoRMAL STALKS INJURED STALKS 
No. Bolls Grams of No. Bolls Grams of 
Maturing Seed Cotton Maturing Seed Cotton 
Ist picking August 19 378 2428 34 136 
2nd picking August 28 603 S812 294 1729 
$rd picking September 10 930 A176 695 $657 
tth pi king October 5 115 £16 195 895 
Total bolls and seed Hor A 10832 1216 y '* 
SN [hes L4 ] y 
Average number bolls per stalk 20.26 12.16 
Average weight per boll, grams 5.346 5.277 
Per cent total blooms producing 
bolls 1G. 14 t2. 44 


Calculated production, pounds 


per acre* bE 2630 





d the } eis 18.600 stalks per acre l 


From the production data it was found that the injured series pri 
duced only 60 per cent as many mature bolls as the uninjured series. 
From a similar observation Gaines (1934) reported 56 per cent more bolls 
on uninjured cotton than on injured stalks. Likewise there was only 
59 per cent as much seed cotton on the injured as on the uninjured series. 
The average weight per boll from the uninjured series was found to he 
069 gram more than those from the injured series, but this difference 
may or may not be significant. A proportion based on the production 
of 100 stalks in the uninjured series showed that 18,600 stalks, or an 
acre, would produce 4432 pounds, while the same calculation for the 
thrips-injured series showed the production per acre to be only 2630 
pounds. The actual production in this field was 2840 pounds per acre 
on 54 acres. 

In presenting these data it should be pointed out that the plants in 
the series referred to as “normal” received a certain amount of thrips 
injury, as did virtually every stalk in the field, but the injury was not to 
the extent of killing the terminal bud in the seedling stage. Had the check 
or normal series been entirely free from thrips the difference in produc 
tion in all probability would have been even greater. 

In the field from which these data were taken 56 per cent of thi 
terminal buds had been killed in the seedling stage, as determined from 
a count of approximately 9000 plants from 200 feet of row at each of 30 
points in the field. It is concluded, therefore, that 56 per cent of the plants 
in this field would have produced approximately 40 per cent more cotton 
in the absence of thrips injury.—3-4-37. 
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Leafhoppers Found on Cotton 
R. K. Frercner, Teras Agricultural Experiment Station, College Station 


In this paper are recorded observations which have been made in the 
vicinity of College Station, Tex., during the last 10 years. All of the ree- 
rds are from cotton growing in the Brazos river bottoms of Brazos and 
Burleson counties, or from cotton growing on the upland near College 
Station in Brazos county. These records of leafhoppers have been made 
incidental to other investigations of insects affecting cotton and no 
claim is made that they are complete. 

The following list of leafhoppers is arranged in the order given in the 
“Catalogue of the Hemiptera of America North of Mexico,” by Edward 
P. Van Duzee. The months given are those in which the species has been 
taken on cotton. No nymphs were reared to maturity. Nymphs are re- 
corded as present only when abundant and closely associated with adults. 

Agallia constricta Van D., May, Aug. Bottomland. Not common in 
cotton but plentiful in alfalfa in nearby fields. A. uhleri (Van. D.), May, 
Sept. Bottomland. Not common in cotton; plentiful in alfalfa. Bytho- 

opus robustus (Uhl), Aug., Sept. Not common but widely distributed 
in both upland and bottomland cotton. Oncometopia undata (Fabr.), 
June to frost. Common, upland and bottomland. Nymphs present. 0. 
ateralis (Fabr.), June to frost. Common upland and bottomland. 
Nymphs present. Homalodisca triquetra (Fabr.), June to frost. Common 
upland and bottomland. Nymphs present. .tu/acizes trrorata (Fabr.), 
June to frost. Common, upland and bottomland. Nymphs present. 
Kolla hartti Ball, July, Aug., bottomland, not common. Graphocephala 
ersuta (Say), May to frost. Very abundant in bottomland cotton. 
Nymphs present throughout season. Draeculacephala mollipes (Say), 
July ’ \ug., Sept. Common in bottomland cotton. Carneoce phala flavice ps 
Riley), June to frost. Common. This species is extremely abundant on 
Bermuda grass in both bottoms and upland. Gypona octolineata (Say), 
July, Aug. Adults not common. Bottomland. Nymphs found oceasion- 
ally which appear to belong to this species. Nasutoides frontalis (Van D.), 
July, Aug., Sept. Bottomland. Not abundant but widely distributed. 
Evitianus obscurinervis (Stal.), June to frost. Common on cotton. Bot- 
tomland and upland, very abundant on Bermuda grass. Eutettix semi- 
iudus (Say), June, July, Aug. Bottomland. Not common but widely dis- 
tributed. Phlepsius excultus (Uhl.) Aug. Bottomland. Not common. P. 
rroratus (Say), Aug., Sept. Bottomland. Not common. Chlorotettix 
‘ridius Van D., July, Aug. Bottomland. Not common. Cicadula sexno- 
fata (Fall.), Aug. Bottomland. Not common. Eugnathodus abdominalis 
Van D.) July, Aug. Bottomland. Not common. Em poasca fabae Harris), 
\pril throughout season. Common, especially near alfalfa fields in bot- 
tom. This leafhopper is the earliest which has been found on cotton. 
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In addition to the foregoing Cieadellidae the membracid Stictoce phala 
festina (Say) has been frequently taken on bottomland cotton. This 
insect is very common on field peas and alfalfa in the bottom. The 
Fulgoridae Dictyophora iie rorhina Walk and Acanalonia conica say 
have also been taken 

While the well-known “sharpshooters,” Oncometop a undata, O 
lateralis, Homalodisca triquetra and Aulacizes irrorata are wide-spread 
and common on cotton, the leafhopper Graphocephala versuta has been 
observed to be the most plentiful within certain areas. During the past 
few years this insect has been extremely abundant, both nymphs and 
adults, on cotton. Dr. F. L. Thomas, Texas Agricultural Experiment 
Station, has reported it as very abundant on cotton in the coastal region 
of Texas. All five of these afhoppers were observed feeding on squares 
and sma'l stems. 

Leafhoppers were found to be more abundant as to species and num 
bers in the rankest cotton. They are usually much more abundant in 
the bottoms than in the upland. 

It is probable that most of the species recorded in the foregoing list 
are present in cotton accidentally. However, when we remember the 
feeding habits of these insects and the fact that some species of Cicadel 
lidae are known vectors of virus diseases we are forced to consider them 


as possible sources of danger to the growing of cotton.—3-4-37. 


‘Toxicity of a Number of Insecticides to 
Three Cotton Insects 


G. L. Swrrn and A. L. Scares, U.S. Department of Agriculture, B 
ff ; / Plant Qua r 


The cape toxk ity tests discussed in this paper were made at Tallulah, 
La., during the summer of 1936 to test the efficacy of various insecticides 
and mixtures of insecticides under cage conditions. Promising insecti 
cides and combinations were tested later under field conditions, while 
the ones that were not promising were discarded. 

Methods. — Caves measuring 4 by 4 by 4 feet, covered with 16-mesh 
galvanized screen wire, were used for tests with the boll weevil, Antho 
nomus grandis Boh., and the cotton leaf worm, Alabama argillacea HWhbn. 
Cages measuring 18 by 18 by 24 inches, covered with 24-mesh copper 
wire, were used for tests with the tarnished plant bug, Lyqus pratensis 
L.. In all the tests the cages were placed upon platform bottoms supported 
by legs placed in pans of water in order to make the cages ant proof. Kach 
cage was placed over one plant which was coated with a sticky material 
near the base to prevent ants from climbing it. In the boll weevil and 
leaf worm tests cotton plants were used, and in the Lygus pratensis 
tests cotton, dog-fennel, VMaruta cotula L. and Erigeron annuus L. were 
used. In the tests with boll weevils and leaf worms 25 insects were used 
per cage and in the tests with Lyqus prate nsis 50 were used per cage. 


! The authors were assisted in the fic C. A. Richmond G. C. Woodruff and W. R. Stas 
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In all cases the insects were introduced into the cages late in the after- 
noon, and applications of poison were made early the following morning, 
isually between 5 and 6 a.m., with small plunger-type hand dusters. 
\n effort was made to apply all the insecticides at approximate field 
losages of 4 to 6 pounds per acre. Examinations of the cages to deter- 
mine the number of dead insects were started at 11 a.m. on the day on 
vhich the poisons were applied. A second examination was made on 

Table 1.—Cage toxicity tests against the boll weevil with 20 brands of commercial 
calcium arsenates. 





i ( 1) . 
SAMPLI Per Cent | ( | Per Cent Per Cent 
N Wat s BI AsO AsO) | NI rALITy ConTROI 
iv N.Y By A.O.A.4 
Method Method 
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a0) I Lo +t} C 2 | 
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the same day at 4 p.m. During the second day three examinations were 
made and on thie third and fourth days tw examinations each were 
made. After tests were completed the plants and cages were thoroughly 
xamined for live insects 

The mortality figures were computed upon the basis of dead and live 
nseets observed during the period of the tests and not upon the num 
bers introduced, for in spite of all the precautions taken, ants removed 
me of the insects from the cages, especially in the tests with nymphs 
nd adults of Lygqus pratensis. The figures on the average percentage of 
mortality are based on two to LI series of tests with each group of in 
secticides. The per cent of control (Tate & Andre 1936 was computed 

using the formula ~, With # the percentage of live insects in the 
heck cages and y the percentage alive in the treated cages. 

Discussion of tests.—-lT'able 1 presents the results in tests with 20 
lifferent brands of commercial calcium arsenate. The chemical analyses 
vere made by the Division of Insecticide Investigations, Bureau of 
Kntomology and Plant Quarantine. The percentage of water-soluble 
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As,O; as determined by the New York method, discussed by Pearce, 
Norton and Chapman (1935) and by the Association of Official Agri 
cultural Chemists method, and the total As.O; are given for comparison 
It will be noted that the variation in the percentage of boll weevil mor 
tality in tests with the various brands of calcium arsenate was consider 
able, the range being between 92 and 39 per cent. No burning of the cot 
ton plant was experienced with any of these calcium arsenates with 
dosages ordinarily used in the field, but in the plant tests with excessive 
dosages a trace of burning was noted with some of the samples with the 
highest percentage of water-soluble As.Os. 


Table 2.—Cage toxicity tests against boll weevil and leaf worm with various in- 
secticides and combinations. 








TREATMENT, PercentrAGeSs Per Centr Morvaniry Per Centr Controt 
Boll Leaf Boll Leaf 
Weevil Worm Weevil Worm 
Calcium arsenate sulfur 50:50 66 S5 3 St 
Calcium arsenate-sulfur 331:66 OS St rn S3 
Calcium arsenate-sulfur 20:80 59 72 tt 7 
Calcium arsenate-—lime 50:50 OS So o7 SS 
Calcium arsenate-lime 334:66 32 74 5 73 
Calcium arsenate-lime 20:80 55 62 38 Go 
Calcium arsenate-clay 50:50 61 6 47 85 
Calcium arsenate-clay 334:66 Th 88 27 SS 
Calcium arsenate-clay 20:80 7 69 19 OS 
Lead arsenate sulfur 50:50 57 SS 42 SN 
Lead arsenate sulfur 331 :66 o4+ St 7 SS 
Lead arsenate-sulfur 20:80 Sy) SO 25 S4 
Calcium arsenate-cubé 80:20 70 so 59 SS 
Lead arsenate GS SZ 56 S| 
Calcium arsenate No. 1* 74 Ht od 65 td 
Calcium arsenate No. 2* SO 9] 79 9] 
( hec ks 27 5 
"Ca 8 eN g 3S pe t tot As), a t.1 pe t As) 
LOAM ‘ s j il xtures, wl im arse N t 
ent tot AsO) and 1 pe ent ter-soluble As. LOAM \ 9 t 
tures. ¢ elu rsenate N land ID S197 we nufactured ( ‘N 
ID sit) ed by another f 


Calcium arsenate mixed with sulfur caused a slightly higher mortality 
of boll weevils than comparable mixtures of calcium arsenate with limi 
or with clay, table 2. Lead arsenate mixed with sulfur caused about the 
same mortality as calcium arsenate mixed with lime and caleium arsé 
nate mixed with clay, but slightly less mortality than mixtures of caleium 
arsenate and sulfur. Lead arsenate mixed with sulfur caused a slightly) 
higher mortality of leaf worms than calcium arsenate mixed with either 
sulphur, lime or clay. There was very little difference in leaf worm mor 
talities caused by ealcium arsenate mixed with sulfur, lime or elay 
Undiluted calcium arsenates caused a somewhat higher mortality o! 
boll weevils and of leaf worms than undiluted lead arsenate. The highest 
mortalities in this series of tests against both insects were caused by 
undiluted calcium arsenate. 

Mixtures of calcium arsenate and Paris green, table 3, killed a higher 
percentage of boll weevils than undiluted calcium arsenate and a smallet 
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ercentage than undiluted Paris green. Lower mortalities were caused 
yy calcium arsenate-sulfur mixtures and by Paris green-sulphur mix- 
ures. Undiluted calcium arsenate and undiluted Paris green killed a 
igher percentage of leaf worms than did mixtures of calcium arsenate 
Paris green, calcium arsenate-sulfur, and Paris green—sulfur. Mixtures 
f Paris green-sulfur killed a higher percentage of Lygus pratensis 
vmphs than mixtures of calcium arsenate—Paris green and mixtures 
f calcium arsenate-sulfur. Undiluted Paris green killed a higher 
ercentage of nymphs than any of the mixtures. Mixtures of calcium 
arsenate-Paris green killed a higher percentage of Lygus pratensis 
dults than mixtures of calcium arsenate—sulfur and mixtures of Paris 
vreen-sulfur. Mortalities were about equal for mixtures of caleium arse- 


Table 3.—Cage toxicity tests against the boll weevil, leaf worm and Lygus pra- 
fensis with mixtures of calcium arsenate-Paris green, calcium arsenate-sulfur and 
Paris green-sulfur, and the three chemicals used alone. 











l ATMEN Pr ENTAGES P ( ‘tM 4 Per Cent Contron 
B La Boll Lea 
We W Weevil W l rate 
h lu 

‘ s ‘ P sz 2 S4 " } 4 x0 go ( 0 

im arsenate*—Paris green 90:10 79 7s 62 ) ‘ 77 18 
( um arsenate*—Paris green 95:5 s+ 8 oO oo xO) 87 0 +" 
‘ se s 0:50 66 s5t 44 s4t ) 28 
( 1" st te*-s bt 6S sat i gst 10 
( i senate*-sulfur 20:80 st) 2 } tS +4 1; ss >] 
! $s green su 10:90 58 ) ‘ 1? ~. 66 0 
l en su 7 ” ¢ t | 5 j 74 16 16 
’ een sul 9 71) 75 6 
I ee! SY ’ S s 91 69 74 
( et *N\ 7 ‘1 ) 90 
> ‘ 8 7 5 
( 

( s t NX 1 was vil t P yg n ars N 2 al ~ 

l 
Checks t se test 26.55 per cet tChecks 1h 


nate-sulfur and mixtures of Paris green-sulfur. Paris green, undiluted, 
killed a much higher percentage of Lygus pratensis adults than when 
mixed with calcium arsenate or sulfur. Sulfur alone killed a higher 
percentage of Lygus pratensis nymphs than adults, but the percentage 
of mortality was low in both eases. Mixtures of caleium arsenate with 5 
and 10 per cent Paris green caused a trace of burning of the cotton plant, 
while 25 per cent of Paris green with calcium arsenate as well as undiluted 
Paris green caused light burning. Mixtures of sulfur and 5, 7.5 and 10 
per cent Paris green caused severe plant burning, and 5 per cent mixture 
heing a little more severe than undiluted Paris green. 

Tests were planned to compare derris, cubé, and Devil's shoestring 
containing equal amounts of rotenone in mixtures with sulfur. The mix- 
tures were prepared, however, hefore the analy ses were received, and 
the rotenone contents of the mixtures are only approximately equal. 

Cubé containing 4.9 per cent of rotenone, table 4, produced a higher 
mortality of boll weevils than derris containing 3.9 per cent of rotenone, 
Devil's shoestring (1.7 per cent of rotenone), or calcium arsenate. The 
mortality from calcium arsenate, however, was higher than that from 
derris, Devil's shoestring or mixtures of cubé, derris and Devil's shoe 
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Table 4.—Cage toxicity tests against boll weevil and leaf worm with derris, cub: 
and Devil’s shoestring. 





Per CEN Per Cent 
PREATMENT, PERCENTAGES Morvairy CONTRO! 
Boll Leaf Boll Leaf 
Weevil Worm Weevil Worn 
Derris-sulfur 40:60 (rotenone 1.56 ay G4 ) 62 
Derris-Sulfur 20:80 (rotenone .78 39 56 27 34 
Derris-sulfur 10:90 (rotenone 9 28 +! 14 su 
Cubé-sulfur 40:60 (rotenone 1.96 53 73 bb 72 
Cubé sulfur 20:80 (rotenone .98 39 Oo 8 58 
Cubé-sulfur 10:90 (rotenone .49 2] 3 6 31 
Devil's shoestring-sulfur 94:6 (rotenone 1.6 37 9 25 ¥ 
Devil's shoestring-sulfur 47:53 (rotenone .8 38 uD 2 3S 
Dev il’s shoestring sulfur 23.5:76.5 (rotenone + i] +] Is a) 
Derris (rotenone 3.9, total extractives 11.6 72 78 67 77 
Cubé (rotenone 4.9, total extractives 17 SS ry st) 76 
Devil's shoestring (rotenone 1.7, total extractives 
7.5 37 Hh Zt) th 
Calcium arsenate No. 2 77 So 73 So 
(Checks 16 > 





string with sulfur. Calcium arsenate caused a higher mortality of leat 
worms than did either derris, cubé or Devil’s shoestrong, used alone or 
in mixtures with sulfur. 

Pyrethrum containing .76 per cent total pyrethrins, table 5, and mix 
tures of pyrethrum with sulfur, Paris green and cubé did not kill as high 
a percentage of boll weevils as did calcium arsenate. Pyrethrum produced 
about the same mortality of leaf worms as calcium arsenate, and both 
were much more effective than the mixtures of pyrethrum. Pyrethrum 

Table 5.—Cage toxicity tests against boll weevil, leaf worm and Lygus pratensis 
with pyrethrum and pyrethrum mixtures. 
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76 pyrethrins) produced the highest mortality of adults and nyn 
of Lyugus pratensis of any insecticide tested, and in mixtures with su 
r sulfur and cubé caused fairly high mortalities 


Summary. — Against the boll weevil calcium arsenate was more etfe 


than anv of the insecticides tested with the exception of cube 1% 
> } “<a f Bes es ) 

cent rotenone), Paris green and mixtures of calcium arsenate-Pa 

gree! Against the leaf worm ca im arsenate ¢ ised al the s 
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ortality as pyrethrum (.76 per cent total pyrethrins), Paris green or 
ixtures of calcium arsenate-Paris green. Against nymphs and adults 
Lygus pratensis pyrethrum (.76 per cent pyrethrins) and Paris green 
caused the highest mortalities. Pyrethrum and pyrethrum mixtures with 
sulfur, Paris green and cubé are promising insecticides against this in- 
sect.—3-15-37. 
LiIreRATURE Crrep 
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soap to gladiolus thrips and onion thrips, Taeniothrips simplex (Morison), 
Thrips tabaci Lindeman. Jour. Econ. Env. 29(4): 738-41. 2 figs. Aug 
Pearce, G. W., L. B. Norton and P. J. Chapman. 1935. A chemical method for de- 
termining the safeness to foliage of commercial calcium arsenate. N. Y. Ag. 
Exp. Sta ech. Bul. 234 


Sorghum Webworm Studies in Texas 
H. J. Remsuarv, Teras Agricultural Ex; nt Station, College Station 


Although known in this country for more than half a century, the 
sorghum webworm, Celama sorghiella Riley, has proved destructive in 
but limited areas of its geographical range and perhaps for this reason 
has not been frequently mentioned in economic literature. It is one of 
the major pests that attack grain sorghums in Texas, and, during wet 
seasons, Which appear most favorable for rapid increase, the insect fre- 
quently becomes a limiting factor in the profitable production of these 
crops. Serious losses have been experienced by growers throughout the 
eastern half of the state, but hitherto the species has not become estab- 
lished in the subhumid region of northwest Texas, where grain sorghums 
are grown extensively. 

Prior to 1982, little if any information based on detailed observations 
was available concerning the sorghum webworm; also by this time com- 
plaint s of injury were definitely increasing, and for these reasons biologi- 
cal observations of the insect were begun at College Station. The studies 
were continued during the seasons 1933-34, inclusive, and it seems desir- 
able to make available some of the principal findings with reference to 
the biology of the species. 

Food plants.—-The present list of known food plants of the sorghum 
webworm includes a variety of species, all members of the grass family. 
Phe larvae feed upon the seed of grain sorghums in general, but the 
varieties characterized by compact seed heads as in case of milo, hegari, 
feterita, ete. seem preferred. The worms likewise attack the seed of 
sweet sorghums, broom corn, Sudan and Johnson YTUsS, and occasionally 
the silks and tassel of corn. There are probably other native grasses 
which support the insect, and in the northern part of its geographical 
range rye and timothy have been listed as food plants. In Texas, how- 
ever, grain sorghum is the principal crop to suffer extensive injury. 
Seed in the milk and dough stage of development seems most attractive 
to the larvae and upwards of 70 per cent of the grain may be injured or 


destroyed in fields where heavy infestations occur. 








S70 JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 30, No. ¢ 


Life history and habits.— The life cycle of the sorghum webworm may 
be briefly considered in the order of the adult and its three developmenta 
stages, which as usual include the egg, the larva and the pupa. 

The adult is a small whitish moth with a wing expanse of 12 to 16 mm 
The upper surface of the forewing is irregularly mottled with yellow and 
brown, and near the costal margin bears three characteristic tufts ot 
suberect blackish scales. The hind wings are pure white above and be 
low. The moths are nocturnal in habit or are more active at night. Be 
ginning shortly after dusk they may be observed in the field making 
short, rapid or dartlike flights from plant to plant. During the daytim« 
they are generally less active and remain inconspicuous by resting mo 
tiovless in protected situations for periods of half a day or longer. Egg 
laying activities of the moths also oceur mainly over night. The eggs ar 
deposited singly and usually on the flowering parts or seed of the food 
plant. Oviposition may begin within the first 24-hour period of adult 
activity. Records on the number of eggs laid in the laboratory indicat: 
a maximum of 169 for one individual, but dissections of females at the 
end of their oviposition period indicate that the total number laid per 
individual under field conditions may he considerably greater. ‘The 
longevity of adults in close confinement, when supplied with moisture, 
ranged up to 23 days. 

KGG.—When first laid, the eggs are white with a pale greenish vellow 
tinge, but change to straw yellow within a day or two and to a deeper 
yellow or brown as the embryo approaches complete development. In 
size, they are slightly variable, averaging a trifle less than .5 mm. in 
diameter. Viewed from above, the egg is roundish to broadly oval and 
flattened dorsoventrally, so that its height barely exceeds one-half th 
maximum diameter. The shell is thick and under magnification shows 
characteristic pentagonal and hexagonal reticulations. In mean tempera 
tures of 80° F or above, the eggs hatch in three to four days, but in 
lower temperatures during the early and latter parts of the growing season 
the incubation period is increased to five or six days. 

Larva.—A total of 206 larvae representing five generations wer 
reared to maturity under laboratory conditions from May 10 to Septem 
ber 26, 1982. Four to seven larval stages were observed between the 
time of hatching and pupation. Most individuals, however, attained 
full growth by the end of the fifth instar, indicating that usually five 
molts occur during larval development. Based on the mean duration 
of the five normal instars, the time required for larval development was 
about 13.5 days. During the first four developmental stages the larvae 
molted after approximately equal feeding periods, which averaged 
slightly over 2.5 days. Normally, the fifth larval instar includes the pr 
pupal period and is therefore somewhat more protracted than the 
preceding ones. When newly hatched, the larvae commonly feed for a 
time upon the succulent and tender flowering parts of the sorghum 
plant, but begin to show a preference for the nutritious contents of the 
seed. In the latter instars they are voracious feeders and in cages singh 
individuals may consume the greater part of a dozen or more seeds in : 
24-hour period. Larvae were not observed to spin any webs for protec 
tion during the feeding or molting activities. The mature larva is rather 
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depressed, greenish and marked with four longitudinal reddish to black 
orsal stripes. The surface of the body bears numerous wartlike tubercles 
»bove, which are thickly beset with sharp-tipped spines and long slender 
airs. The measurements of the larva range from 9 to 14 mm. in length 
and 3 to 4 mm. in width. Before entering the prepupal stage the larva 
spins upon the food plant a white silken cocoon within which pupation 


occurs. 

Pupra.—A total of 523 pupae, including five generations, were reared. 
lhese records show that the time required for transformation to the adult 
is subject to considerable variation. This was true even among individ- 
uals which pupated on the same day and developed under the same en- 

ironmental conditions. The duration of the pupal period averaged 6.3 
days, with the extremes ranging from 4.7 to 9.2 days. The pupal case is 
reddish brown, rather slender, and subeylindrical in cross section. The 
faintly subshining surface is apparently bare, but under magnification 
shows seattered delicate pale short hairs on the body segments, which 
have a finely granular appearance. Measurements of 10 individuals 
averaged 8.5 and 2 mm. in length and width, respectivery. 

SEASONAL Histrory.—The sorghum webworm hibernates in the larval 
stage on the food plant. With the advent of decreasing temperatures in 
October and November the worms gradually leave the heads of grain 
and move down on the sorghum stalks to protected situations behind 
the leaves which envelope the stalk. They show no pronounced gregari- 
ous tendency during hibernation and may be found distributed singly 
or in small groups along the entire length of the stalks. On warm days 
during the winter the larvae exhibit some activity and frequently crawl 
from place to place within the hibernating quarters; also, they continue 
to molt at irregular intervals during the cold season. Except mature 
larvae, all other stages of the insect succumb during the dormant period. 
\lthough long-cycle or overwintering larvae were noted in the laboratory 
during September, the bulk of the hibernating brood in the field does 
not generally seek shelter before October. 

The overwintering worms begin to pupate when daily mean tempera- 
tures average 58 or 60° F. Normally these effective temperatures are 
attained in March. During the spring 1933 to 1936, inclusive, the emer- 
vence period of the moths averaged 10 weeks in duration; the extreme 
dates ranging from March 26 to June 13. In 1933 the peak of emergence 
occurred during the latter half of April, but during the three following 
vears the moths did not emerge in maximum numbers until near the 
middle of May. Based on averages of the four seasons indicated above, 
about 43 per cent of the moths emerged prior to May 1, and slightly 
more than 97 per cent prior to June 1. 

NUMBER AND SEQUENCE OF GENERATIONS.—During 1934, six gen- 
erations of the insect were reared in the laboratory from April 21 to 
September 25. First-generation adults, which are here considered the 
progeny of the overwintering brood, began to appear on May 22 and 
continued emerging up to June 10. The duration of the life cycle ranged 
from 20 to 31 days. Fifty moths of the second generation emerged from 
June 14 to July 1 and required 19 to 25 days to complete their develop- 
ment. The first moths of the third, fourth and fifth generations emerged 
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on July 4, August 4 and August 28, respectively. Individuals of thes: 
generations attained maturity in 18 to 21 days. Temperatures during 
these developmental periods were considerably above normal and ef 
fected a heavy mortality among the caged larvae. Observations on the 
sixth generation included only 34 individuals, of which 11 hibernated as 
mature larvae; the others completed development and emerged as adults 
from September 25 to 29. These moths were paired in cages but failed t 


produce any eggs. However, when weather conditions remain favorabk 
reproduction continues in the field until late October, which allows suffi 
cient time for the completion of a partial seventh generation in the 
latitude of College Station. It appears that the hibernating brood is not 
restricted to larvae of any definite generation; also, that the number of 
generations which may occur during a season is indeterminate. During 
seasons when rainfall is normal or above, six generations and a partial 
seventh are probably the common occurrence. The first three, which 
have developed for the most part.by July 15, are usually too limited in 
numbers to produce extensive losses even in early planted crops. Th 
fourth and subsequent generations produce the bulk of the injury, and 
crops with grain in the milk and dough stage during September or late1 
suffer the greatest losses. 

Prevention and control.—Among the natural factors affecting the 
normal activities of the sorghum webworm, climatic conditions are of 
greatest importance. The insect rarely proves troublesome during dry 
hot seasons, and apparently is unable to establish itself permanently in 
regions of the state where the annual rainfall averages less than 25 inches 
Among the half-dozen species of parasites which were found to attack 
the larval and pupal stages of the sorghum webworm, only A pantel: 
sorghiellae Muesebeck seems of any appreciable economic importanc: 
During October 1935, in a field under observation at College Station, 
about 3S per cent of Celama sorghiella larvae were parasitized by this 
species. Records from other fields ranged from less than 1 to 15 per cent 
parasitism in the samples taken. 

The use of insecticides for control of the sorghum webworm is not 
practical, and the chief combative measures depend on crop manage 
ment. Clean-up practices after harvest and timely planting are most 
important. Summarized briefly under these headings the control recom 
mendations may be listed as follows: 

Plow under stubbles and all other crop remnants during the fall o1 
early winter and burn over all Johnson grass areas in the vicinity of 
grain sorghum fields to reduce the overwintering population of worms 

Infested crops harvested for forage should be fed before spring and thi 
unconsumed stalks destroyed before pupation and emergence of thx 
sorghum webworm begins. 

Plant early to avoid extensive injury. Crops timed to mature by July | 
throughout central Texas are invariably damaged the least. 

Use improved or pure strain seed and plant only one variety in a field 
This insures the most uniform development of the crop and decreases 
the period over which it remains attractive as food for the insect. 

Infested crops may be harvested promptly and fed as silage without 
any apparent injurious effect to live stock.—3-4-37. 





Natural Dispersion of Cochliomyia 
americana 
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Cochliomyia americana C. & P. does not survive the winter months in 
reas having low temperatures. Each summer, however, areas far beyond 
he northern limit of the winter survival area of the species become in- 

fested. 

Bishopp & Laake (1921 aave shows that Musca domestica L., Phormia 

pena Nei MN? .. Ophyra lei icostoma Wied... (or tenants pram vec I. and 
several other species of flies are ap ible of flying considerable distances 

rom a point of liberation. Cochl ymyia macellaria was shown to have 

“ave ~ 10 miles in approximate I ts hours. The greatest distance at- 
tained 1 yy that species was 15.1 miles. Parish (1937) has determined 
that adult C. americana are capable of traveling a distance of at least 
9 miles in three days 

There are a number of ways by which Cochliomyia americana might 

disseminated. As shown by Dove & Bishopp (1936) and by Dove 
1936), this species is frequently moved long distances by the shipping 
f infested livestock. 

\ study of the natural seasonal spread of the primary serewworm fly 
s of special interest and importance in relation to the control of screw- 
orms. This paper presents the results of observations made during the 

spring and summer of 1936 which indicate the natural rate of dispersion 
nto areas in which it had been killed out by natural factors. 

Method of investigation.—In this study the approximate rate of na- 
tural dispersion for the year 1936 was determined by placing a series of 
traps over an uninfested area approximately 50 miles wide and in the 

lirection of migration some distance away from the zone of infestation. 
Then by thoroughly scouting the area for serewworm infestations in 
animals and by frequently examining the trap collections for specimens 

f Cochliomyia americana, the date of the first appearance of serewworms 
r serewworm flies in the area could be determined with a fair degree of 
ecuracy. Many traps were set during the course of the work, but only 
those are recorded in which C. americana was captured. In some in 

nees traps were set outside of the line of dispersion and were not in 
calities where flies were abundant 

In the beginning of the dispersion study, and until August 2, most of 
he work was done in a northerly direction from Uvalde, Tex. Later, 
scouting was shifted toward the northeast and east. Seouting toward 


‘) 


; 


north was done along two main routes. One route was along high- 
avs U. S. 281 and U.S. 81, two roads = which traffic is relatively 
eavy between the north and south. The other route was one directly 
rth of Uvalde, Tex., along which most of rae fraffic moved east and 
In all instances the survey was ext - d farther north as soon as 

e primary screwworm was found in any given locality. 
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To determine whether invasion of uninfested areas took place by 
natural means rather than through the importation of infested animals 
observations were made of animals in transit, and handlers at shippin, 
pens and feeding stations along railroads were questioned from time t 
time. Inquiries were also made of stockmen regarding the animals they 
had shipped or imported. Examinations of automobiles and other 
vehicles were made to determine the possibilities of serewworm flies being 
dispersed by this means. 

Results.— During the winter of 1935-36 proof was obtained by various 
workers of the Division of Insects Affecting Man and Animals, of th 
Bureau of Entomology and Plant Quarantine, that Cochliomyia ameri 
cana overwintered in the vicinity of Uvalde, Tex. On March 5, 1936, 
A. W. Lindquist took specimens of larvae at Uvalde. This was the first 
record of the year of spring activity of the fly in that region. Field scout 
ing was begun by C. C. Deonier of this Bureau in March, to determin 
the northern limit of overwintering. Deonier’s work indicated that thi 
northernmost overwintering boundary line of the insect was below th« 
Baleones escarpment of the Edwards plateau and extended along the 
line of the Southern Pacific railroad between Devils river and San 
Antonio, Tex.* 

Observations of the writer indicate that adult primary screwworm 
flies are rarely, if ever, disseminated by means of automobiles and 
trucks. No positive data were obtained that indicated that the ship 

Table 1.—Records of specimens of ment of infested livestock wae 4 
Cochliomyia americana taken during the factor involved in the spread of the 
1936 dispersion study. pest in the area surveyed, probably 
for the reason that in this area n 








Piact Date Cou TION - = 
coors | direct main-line north-and-sout! 
ide, ex irch 5 iT ‘ . ray ° 
lohmeon City, Tex May 8 Adults highways are present. This does 
Round Mountain, Tex. May 8 Adults and not minimize the known facts that 
larvae eae . 
poy a” May 9 Larvae infestations have been or may b« 
ike rele ex lay 19 Larvae . . » “as 
Adamsville, Tex May 19 Adult established by shipment of infested 
Austin, Tex May 21 Adult : 
animals. 
Georgetown, Tex May 21 Adu ' 
eee = _ _ hid ue In table l are presented the pos! 
inters ex 1 29 irvae ° ~ 
Belton, Tex June 9 Laren tive data taken during the survey 
nent Tex ne 4 e e+ It is believed that determination o! 
pump, Tax June 12 Adults the presence of the species in eacl 
radshaw, ex une 12 Adult . i oe 
Cisco, Tex June 12 pod of these localities was made soon 
a 7 ete after the advent of the insect ex 
Wichita Falls, Tex June 22 Larva cept in parts of eastern Texas, 
Davidson, Okla Jul Adult | ° 
Mecm Okie July 8 poe where work was begun late in the 
Arnett, Okla. July 16 Larvae -_ 
Fargo, Okla July 31 Larvas Summer. _ 
Fe Cobb: Ok eet S Lervet Between March 5 and August | 
t. Cobb, Okla August 5 Adults . 7 
Independence, Tex. Smousl 12 — the species spread from Uvalde toa 
a —- point southeast of Buffalo, Okla., a 
Faint hk August 14 = Larvae distance of about 525 miles. The 
airfield, Tex August 14 Larvae . 4 
Palestine, Tex August 15 Larvae fly was not found at Menard, Tex., 
Hook "Tex ins to about 100 miles north of Uvalde, 
until May 9. Cool weather preced 
Reported by H. E. Parish. ing that time was probably r 
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* Mr. Deonier continued to work on the problem until May 21; the writer began scouting with | 























Nn 





December 1987 BARRETT: DISPERSION OF COCHLIOMYIA AMERICANA 875 


ponsible for the slowness of the movement of the fly until then. The 
average rate of the northward dispersion per week during the 12-week 
period preceding August 1 was 35.4 miles. During part of the time 
the dispersion rate appeared to exceed the average by as much as 15 
miles a week. 

The dispersion in northern Texas occurred from areas of low infesta- 
tions, and the spread in Oklahoma was from localities in which the fly 
population was very low. The rate of dispersion was more rapid directly 
to the north of Uvalde through the sheep and goat breeding area than 
east of this area along the heavily traveled highways U.S. 281 and U.S. 
Sl. 

Following the finding of larvae near Buffalo, Okla., the southwestern 
part of Kansas was scouted along the Cimmaron river, to the south of 
Sitka. A number of ranches were visited there, but no reports of screw- 
worm cases during 1936 were received and the ranchmen agreed that 
1935 was the only year that screwworms had occurred in this section. 
From this evidence it appeared that the migration had reached its ap- 
proximate northern limit for the season or was at a standstill, and 
further study on the northward dispersion was discontinued on August 
3. The dispersion toward the east was marked by an abrupt stop at 
Palestine and Trinity, Tex. 

Cochliomyia americana had reached Johnson City, Tex., on May 8, 
and although the records on the northeasterly and easterly migration 
were obtained comparatively late in the season, it is indicated that in 
going northeast to Texarkana it spread about 325 miles in 16 weeks. 
The average distance traversed per week in a northeasterly direction was 
therefore 20.3 miles per week, which was much slower than the dispersion 
rate toward the north. 

Summary and conclusions.— Without discounting the well-known 
fact that screwworms are frequently carried into uninfested territory 
in shipments of infested animals, the appearance of adults of Cochliomyia 
mmericana and the occurrence of serewworm cases on successive dates in 
the previously uninfested areas progressively farther away from the 
overwintering zone without any close relation to livestock shipment ind1- 
cate that the movement of the pest toward the north in the area under 
observation was by natural migration. 

From March 5 to August 1, 1936, this species evidently migrated 
from Uvalde on the northern boundary line of the overwintering area 
n southern Texas to Buffalo, Okla., near the boundary of Kansas. 

The average weekly rate of dispersion (after the advent of continu- 
ously warm weather) was about 35.4 miles toward the north and about 
20.3 miles toward the northeast. The rate of spread toward the east was 
much slower. At times, however, the rate of weekly dispersion to the 
north apparently exceeded the average by 15 miles. 

The rate at which the fly dispersed shows that under favorable con- 
ditions areas about 1500 miles from the northern edge of the overwinter- 
ug zone may become infested as a result of the seasonal spread of the 
insect. 

The fly appears to disperse readily from areas in which the population 
f the species is low. 
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Adult flies are not ordinarily carried by moving vehicles.—8-16-37. 
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Insecticides to Control Blowfly Larvae 
in Wounds 


E. R. McGee VR an, U.S. Department of Agricultu 
Bureau of ki tomology and Plant Quar inti 


Bishopp, Cook, Parman, & Laake (1923) stated that 100 per cent 
benzol had been found more satisfactory than chloroform for treating 
wounds infested with screwworm larvae. Parman (1925) presented data 
which showed that benzol was the best larvicide for serewworm contro! 
Bishopp, Laake & Parman (1926) stated, “If there is a comparatively 
small hole in the skin at the site of infestation it is best to pour a small 
quantity of the benzol into the hole and plug it with cotton. Benzol does 


not mix readily with blood or serum, hence it is necessary to remove the 
free exudates with cotton before applying the benzol.’’ Dove (1935) rec 
ommended two applications of benzol followed by the insertion of a 
cotton plug in the opening of the wound. Bruce & Sheely (1936) recom 
mended cleaning the wound, applying benzol, cleaning the wound again, 
applying more benzol, and then plugging the wound with dry cotton. 

The object of the present study at Valdosta, Ga., is todevelop a lar 
vicide that can be used more rapidly than benzol and with less manipu 
lation of the wound. 

Procedure in the present study.—Goats and sheep that had one or, 
more often, two wounds infested with nearly mature larvae of Cochli 
myia americana C, & P. were treated after a few larvae had dropped 
from the wound or when the larvae were about ready to start dropping 
In this way all the treatments were applied to large larvae in their nor 
mal habitat in wounds. None of the fluids, such as pus, serum or blood, 
were removed from the wound before the larvicide was applied. The in 
secticide was simply poured into the wound from a graduated cylinder 
until the wound, which was either on the rump or shoulder, was full 
(An average of 5.4 cc. of insecticide was applied to each wound, the maxi 
mum being 15 and the minimum 2 cc. An average of 7.4 cc. was applied 
to the wounds treated with benzol. The animal being treated was held 
until the larvicide had stood in the wounds for an average of 35 seconds 
At the end of this period the animal was immediately placed in a col 
lecting cage where any excess fluid, often including part of the larvicide 
drained out of the wound. 





or 
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These collecting cages' were made of lumber and were just large 


nough to hold comfortably a sheep or goat of medium size. A hinged top 
estrained the animal from jumping out. The floor of the cage was slatted 
ind the sides and ends were solid. Below the floor was a screen funnel 
that opened into a small tub, the bottom of which was covered with 
ibout 1 inch of dry sand. Any larvae that dropped from the wounds 
ifter treatment were trapped in the sand. One hour after treatment, and 
it daily intervals thereafter, the sand in the tub was changed. By this 


Table 1.—Larvicides applied to wounds on goats and sheep infested with screw- 
worms (larvae of Cochliomyia americana), Valdosta, Ga., 1936. 





WouNDs No No. Fires EsTIMATED* 
PLUGGED Wounps EMERGED PERCENTAGI 
LARVICIDE with Corron Treatep PER Wounpb oF ConTROL 


Material Proportion 


per ee nt 


Soluble pine oil No. 17 98 
Methyl thio« vanate 2 


Soluble pine oil No. 2] 98 
955 nicotine 2 


Benzol§ 100 

Benzol 100 9: 

Soluble pine oil No. 2 100 7 S35 
Soluble pine oil No. 1 100 59.7 


Untreated } 3. 2 0 





* As the number of larvae in the treated wound ould not be deter ned accurately without greatly dis 
} e position of the larvae in the wound and probably e eff of the larvicide on them, the exact 
vae in the treated wounds was not deter ed wever, all the treated wounds and the un 

ontained approximately equal numbers of larvae and treatments were applied at random 
ore used to describe the percentage of control because this percentage is not based on the 

e treated but on the average number of larvae in the untreated wounds 

onsisted of 75 per cent destructi listilled pine oil and 25 per cent sulfonated 

ir Ninety per cet f this pine oil distilled from 199 to 216° ¢ 

5 per cent o fferent destructively dist lled pine oil ind 25 per cent 

nu f this pine oil distilled from 
re. Also this pine had been « lized i the acid formed neutralized. 


ese tests was a comme , ¢ nd « t ned 00 per cent or more ol benzene 


msisted of 7 


means conditions approximating those in nature were obtained. The 
inimals were free to move to a considerable extent in the cages and could 
lick or gnaw their wounds. At the same time any larvae that left the 
wound soon reached clean sand in which they could crawl or burrow, 
thus possibly removing some of the insecticide. The larvae that were 
removed from the sand were placed in glass jars about one-fourth full 
of slightly moistened sand and covered with screen tops. These jars 
were stored under suitable conditions of temperatures and moisture 
intil all the flies had emerged or the larvae or pupae had died. The flies 
in these jars were counted and the results recorded. 

Usually on the fourth or fifth day after treatment, and sometimes 
later, and at least one day after the last living larvae had been observed 
in the wound or caught in the sand, the animals were taken out of the 
collecting cages, and all the dead larvae in the wounds were removed 
ind counted. 

cage was designed by Dr. Roy Melvin and lified E. F. Knipling and the 
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Tests and results.—In table 1 are summarized the results obtained 
with six treatments that are of an interest, selected from approxi 
mately 175 larvicides applied to screwworm-infested wounds in goats 
and sheep. 

The data in table 1 show that under the conditions prevailing wher 
these tests were run (1) soluble pine oil No. 1 98 per cent, methyl thio 
cyanate 2 per cent; (2) soluble pine oil No. 2 98 per cent, 95 per cent 
nicotine 2 per cent; and (3) benzol with a cotton plug in the wound, wer 
effective larvicides. The first material allowed one fly to emerge from 
larvae from one wound, the second material allowed one fly to emerg: 
from larvae from one wound and three flies from larvae from another 
wound, and benzol with a cotton plug allowed seven flies to emerge from 
larvae from one wound. In a few tests 40 per cent sodium resinate or 25 
per cent sulfonated castor oil neutralized with sodium hydroxide was 
used to emulsify the same pine oil as was used in soluble pine oil No. 1 in 
table 1. When 2 to 5 per cent of methyl thiocyanate was incorporated 
into these soluble pine oils, less complete control of the larvae in wounds 
was obtained than with the methyl thiocyanate treatment as given in 
table 1 

When the animals were released from the collecting cages after all the 
living larvae had dropped from their wounds, the soluble pine oil No. 1 
methyl thiocyanate treatment left an average of 9.2 dead larvae per 
wound, the soluble pine oil No. 2-nicotine treatment an average of 26.4 
dead larvae per wound, and the benzol-cotton plug treatment 39.5 dead 
larvae per wound. 

None of the treatments given in table 1 appeared to be injurious to 
the wounds or to the general condition of the goats or sheep treated. 

Discussion.— Most of the wounds treated in these tests had a rather 
small hole through the skin and a small open cavity in the wound. Since 
the wounds were treated as soon as a few larvae had dropped from them 
the larvae were tightly packed in the wounds in most instances when the 
larvicide was applied. Preliminary tests had shown that larvae of this 
age in this particular type of wound were the most difficult to kill. When 
a cotton plug was used in such a wound it usually stayed in the wound 
until removed by hand. This condition almost sealed the larvae in the 
wound with the larvicide, which, of course, provided almost ideal condi 
tions for the benzol to act. In cases with large open wounds, where it is 
often impossible to keep a plug in the wound after the animal is released, 
somewhat different results might have been obtained. If the fluids had 
been removed from the wounds before the larvicides were applied, how- 
ever, the control with all the materials tested would probably have been 
improved. 

The mixture of soluble pine oil No. 2 and nicotine killed the larvae 
quickly. The larvae became motionless in a few seconds, and very few 
if any of them crawled out of the wound before they died. In contrast 
with this the soluble pine oil No. 1-methyl thiocyanate mixture stimu- 
lated many of the larger larvae to crawl out of the wound before they 
died. As has been stated, only about one-third as many dead larvae were 
found in the wounds treated with the soluble pine oil No. 1-methy! 
thiocyanate mixture as in wounds treated with soluble pine oil No. 2 
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nicotine mixture. Whether this reduction of the number of dead larvae 
remaining in the wound after treatment would materially reduce the 
period required for the wound to heal has not been determined, but it 
scems possible that it might do so. 

Fewer larvae occurred in the wounds used in these tests than are usu- 
ally found in wounds in nature. However, as these wounds and larvae 
were of uniform size and age, a rather accurate comparison of the relative 
efficacy of the larvicides was obtained. 

Summary.—''wo soluble pine oils when combined with 95 per cent 
nicotine and methyl thiocyanate, respectively, and benzol with a cotton 
plug in the wound were effective larvicides for the treatment of wounds 
on goats and sheep infested with screwworms (larvae of Cochliomyia 


amerteana ).—3-20-37. 
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Factors Concerned in the Deposit of 
Sprays 


III. Effects of Wetting and Emulsifying 
Powers of Spreaders 
Y. Ben-Amorz and W. M. Hoskins, University of California, Berkeley’ 


Regulation of the amounts of the oil which will be deposited by spray 
emulsions upon a surface forms one of the more important problems in 
the use of oil sprays. This is due to the fact that both the insecticidal 
efficiency of the spray emulsions and their harmfulness to plants depend 
upon the quantity of oil which they can deposit. The narrower the range 
between these two pri perties, the greater is the need for exact regulation 
of the amount of oil which is left upon the sprayed surface. To accomplish 
this end, however, a thorough knowledge of the principles which govern 


Contribution from the laboratory of insect physiolog nd toxicology, Division of Entomology and 


Parasitology. 
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the deposit of oil is required. It is with this purpose in mind that an in 
vestigation of the problem was started a few years ago in this laboratory 

In the general field of oil spray investigations deposit has attracted th: 
attention of a number of entomologists and several articles have bee: 
published on various phases of the work. de Ong & Knight (1925) ap 
proached the problem from the viewpoint that factors which control th: 
oil deposit will depend upon the stability of the emulsion and that th 
weaker this is the higher the deposit will be. They suggested therefor 
that the emulsion should approach as nearly as possible the mechanica! 
mixture type. de Ong, Knight & Chamberlin (1927) continued these stud 
ies and advised the use of weak emulsifiers, so as to obtain quick-break 
ing emulsions which will give high oil deposits. Griffin, Richardson & 
Burdette (1927) pointed to the relationship between the size of the oil 
globules of the spray and the deposit. They claimed that the larger the 
size of the globules the greater will be the quantity of oil which will b: 
retained upon the surface. This was believed to be influenced by the 
electrostatic charge of the oil globules which tends to repel them from the 
sprayed plant. The smaller the oil globules the more intense the charge 
per volume and therefore the less oil deposited. Smith (1932) considered 
the influence of the wetting power of the spray upon the amount of the 
oil deposit. He asserted that higher deposits will be obtained with sprays 
which wet poorly, as compared with those which possess a good wetting 
power, because of the formation in the latter case of a spray film which 
prevents the succeeding spray from depositing its oil content. Smith 
(1932), Borden (1934) and Borden & Hensill (1934) made comparative 
studies of the amounts of oil which will be deposited by various commer 
cial oil emulsions then in current use. They reported great variation in 
oil deposits among the various emulsions and pointed to the necessity of 
acquiring an exact knowledge on this point if satisfactory results are to 
be obtained. 

Hensill & Hoskins (1935) made a quantitative study of the amounts o! 
oil which will be deposited with certain protein and soap spreaders by 
means of the ‘tank mix’ method. Much detailed data on oil deposits 
were obtained, calling for further study and interpretation. It is this 
study which the present work undertakes. This paper forms a direct 
continuation of their investigations and seeks to answer some of the 
problems that were presented. For definitions of various terms reference 
should be made to the earlier paper. 

Materials and methods.—The spreaders that were selected for this 
study were of the water-soluble type, i.e., materials which are soluble 
in the water but not in the oil phase of the emulsion. ‘Two different kinds 
of these spreaders were used: the wetting agents, so-called because of 
their good wetting but poor emulsifying properties; and the emulsifiers, 
which possess these properties in the opposite ratio. This choice was made 
purposely so as to facilitate a study of the influence of these important 
properties of the spreaders upon the oil deposit. The proteins, Map 
dried blood albumin and hemoglobin, were selected to represent thi 
wetting agents, and the soap sodium oleate as the emulsifier. The al 
bumin was a commercial product containing many other constituents 
of beef blood besides the albumin. The hemoglobin was prepared in the 
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iboratory from beef blood with every effort to obtain a pure and un- 
changed product, and the soap was commercial U.S. P. material. The 
preaders were used at concentrations varying from zero up to .0225 per 
cent by weight (852 mg. per gallon or 3 ounces per 100 gallons) which 
covers the ordinary range used in practical spraying. The oil used was a 
white neutral tank-mix stock of 80 seconds Saybolt viscosity and 92 per 
cent unsulfonatable residue. Fresh lots were obtained from the refinery 
at frequent intervals since spray oils change their properties with age. 

The spraying apparatus and procedure were much the same as those 
deseribed before (Hensill & Hoskins 1935) except that a gear pump was 


C 











7I 142 284 568 852 
SPREADER IN MILLIGRAMS PER GALLON 
Fig. a Deposits of oil obtained with the three spreaders {, sodium oleate; 
b> blood albumin; Cc. hemoglobin 


used and a much thinner and more uniform coating of beeswax was ob- 
tained upon the sides of the 4-ounce oil sample bottles by dipping them 
in a saturated solution of the wax in carbon tetrachloride. The solvent 
was removed by allowing the treated bottles to stand in the laboratory 
for 24 hours before use. Precautions regarding uniformity of emulsions, 
character of spray discharge, measurement of volume sprayed, evapora- 
tion of excess water and weighing of deposit were taken as before. For 
certain photographs of spray in action to be described later, use was 
made of the device for taking pictures with an exposure of .0O01 second, 
Craig (1936). 

Oil deposits.—The amounts of oil deposited per bottle (153 sq. em. 
lateral area) by 2 per cent oil emulsions containing several concentrations 
of each spreader are shown in fig. 1. It is obvious that there is a funda- 
mental difference in the nature of the curves for the proteins and that 
for the soap. The former pass through a maximum at some intermediate 
concentration of spreader, whereas the latter is always lower than the 
initial point which represents a mechanical mixture of oil and water 
alone. An explanation of the variations in the amount of oil deposited 
from the different emulsions in terms of properties conferred upon them 
by the spreaders is the object of the further work to be presented in this 
paper. 

It seemed impossible to interpret the results in terms of tensions, angle 
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of contact and other similar functions such as have engaged the attentio: 
of numerous earlier workers. (For references and discussion see Hensill & 
Hoskins 1935.) The chief reason for the difficulty lies in the fact tha 

these properties have been measured under static conditions whereas th: 
application of a spray is a dynamic process during which there is rapir 

movement and surfaces and interfaces are constantly being changed. [| 
appeared probable that pertinent information could be gained by a study 
of the actual process of spraying. To do this the apparatus for high-speed 
photography was used to take a great many pictures of the various emul 

sions as they were being sprayed upon the wax surface. In fig. 2 are shown 








Fig. 2. Behavior of oil emulsions during application to a wax surface. A, n 
spreader; B, .00093 per cent (35 mg. gal.) hemoglobin; C, .00375 per cent (142 mg 
gal.) hemoglobin; D, .015 per cent (568 mg./gal.) hemoglobin; EF, .00098 per cent 
sodium oleate; /, .00375 per cent sodium oleate; G, .015 per cent sodium oleate 


the conditions which prevail when sprays containing different concentra 
tions of hemoglobin or of sodium oleate are applied. The photographs 
were made after 10 seconds of spraying, which is about two-thirds of the 
time required to apply the standard amount for 20 cc. run-off. The con 
ditions with blood albumin are similar in general to those with hemo- 
globin. 

Wetting.— Examination of these photographs shows that the degre 
of wetting that prevails during the application of these emulsions to a 
beeswax surface may be divided into three fairly distinct types. The first, 
illustrated by the mechanical mixture and by all of the soap emulsions, 
is characterized by more or less hemispherical drops which make a high 
angle of contact with the solid and roll down the wax surface with little 
or no tendency to elongate or form long tails. The area of contact be- 
tween the emulsion and the solid is relatively small and there is a corre 
spondingly small opportunity for the oil droplets to come in contact with 
the solid surface. Hence, low deposit is to be expected. The second type 
of wetting is illustrated by the low and intermediate concentrations of 
the two proteins. The drops are much flatter, cover a larger area on the 
solid and become much elongated as they roll down the surface. There !s 
abundant opportunity for the oil droplets to make contact with the solid, 
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specially since, as observation shows, they tend to concentrate in the 
ong tails behind the moving drops of emulsion. Accordingly deposit may 
expected to increase as this condition becomes more marked. The 
hird type of wetting is shown by the higher concentrations of the pro- 
teins. In this the elongated drops tend to merge into continuous streams 
ind sheets which move over the surface more slowly so that a consider- 
able portion of the solid is covered by them during most of the time the 
spray is applied. Such continuous areas of liquid largely prevent the on- 
coming spray from gaining access to the solid and for this mechanical 








Fig. 3..- Dynamic and statie behavior of oil emulsions upon a beeswax surface 
{ 1. no spreader; B, B’, 0225 per cent (852 mg./g il.) sodium oleate; C, C’, .0225 
per cent blood albumin; D, D’, .0225 per cent hemoglobin 


reason a decrease in deposit is to be expected with high concentrations 
of the proteins. 

These variations in the types of wetting shown by various emulsions 
as they are forcibly sprayed upon a solid are not indicated to the slightest 
extent by the ordinary methods of studying area of wetting or angle of 
contact under statie conditions. To illustrate the misleading conclusions 
that may be drawn from such measurement there is shown in fig. 3 the 
behavior while a mechanical mixture and emulsions containing the high- 
est concentrations of sodium oleate, blood albumin and hemoglobin are 
heing sprayed and also the results when drops of these same emulsions 
are placed upon a similar wax surface. In the latter case the initial 
changes in shape and area are almost entirely complete within two 
minutes, so that the photograph of the drops was taken after that in- 
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terval. It will be noted that there is comparatively little difference in 
the behavior of the mechanical mixture, the albumin emulsion and the 
hemoglobin emulsion, but that the soap emulsion has spread to a much 
greater extent. From such experiments it would be concluded that soaps 
give much better wetting than proteins on a waxy surface, as was in 
fact stated by Moore (1921). There is practically no correlation between 
the dynamic and static conditions and results obtained in the latter way 
give no reliable information as to the behavior of a spray in actual use. 
This conclusion, of course, does not apply to special methods of spraying, 
such as the work of Evans & Martin (1935). 

The experimental results for deposit of oil from the various emulsions 
cannot be explained entirely in terms of differences in wetting during ap 
plication, e.g., the sudden decrease in deposit as small amounts of sodium 

Table 1.—Stability of emulsions containing equal volumes of oil and water and 


varying concentrations of spreaders, expressed in time in minutes and seconds for 
50 per cent of the oil to separate from the emulsions. 





SPREADER CONCENTRATION EMULSIONS CONTAINING 


Mg. per Gal. Hemoglobin Blood Albumin Sodium Oleate 

0 45s bos tis 

24 5+s Im 10m 

71 Im Im 30s lom 

142 $m tim SOs 22m 30s 

284 fim 30s 9m 30s 20m 

568 10m 21m 24m 

S52 17m 33m S6m 





oleate are added does not correspond to the very slight increase in wet 
ting power. 

A property of emulsions whose importance has been emphasized often 
in work with sprays is their stability (Moore 1921; deOng, Knight & 
Chamberlin 1927; Smith 1932). Actual contact of oil with a solid surface 
can occur only in so far as the layer of emulsifying agent in the interface 
between oil droplet and water is ruptured so that the oil can escape. For 
use in studies on deposit the stability of emulsions should be studied un 
der dynamic conditions but a dependable method for doing this is lack 
ing, and so ordinarily recourse is had to determination of the time for a 
certain percentage of the total oil present to separate and rise to form a 
separate layer. This method was used with the several emulsions whose 
oil-depositing powers were shown in fig. 1. To reduce the error in read 
ing the volume of liberated oil, concentrated emulsions were prepared 
from equal volumes of oil and water with the various spreaders at the 
same concentrations per total volume as were used in the deposit study. 
The materials were put together in narrow beakers, agitated in a uniform 
manner for two minutes with an electric mixer and then allowed to stand. 
The time requiced for one-half of the oil to separate was estimated from 
the depth of the more or less clear layer of oil which collected at the top. 
From emulsions containing so much oil there is little tendency for cream 
to rise and the chief er:or involved is the slight delay with which oil that 
separates within the emulsion rises to the top. 

The results of this method, table 1, were closely reproducible and while 
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is not claimed that they represent with exactness the stabilities of the 
nore dilute emulsions that were used in the work on deposit, the differ- 
‘nee between the protein and the soap emulsions is very pronounced. 
(he stability conferred upon the emulsion by very small amounts of 
-odium oleate is in entire agreement with the abrupt decrease in deposit 
vhich is caused by this substance. While neither of the proteins at mod- 
crate concentrations gives stable emulsions the relatively greater stabil- 
ity with blood albumin is in agreement with the fact that it gives lower 
deposits than hemoglobin. Throughout the range of high concentrations 
both form fairly stable emulsions. 

Effects of wetting and emiuisifying powers upon deposit.—The inter- 
pretation of the curves for oil deposited from emulsions containing the 
three spreaders may be made in terms of the combined effects of dynamic 
wetting power and stability of the emulsions. The foregoing discussion 
has indicated that an increase in wetting power, particularly when it re- 
ults in moderate elongation of rolling drops, favors increase in deposit of 

). This influence continues until an appreciable portion of the surface is 

mtinually covered by streams and sheets of liquid so that the latter 

ition of the applied spray is mechanically prevented from depositing 
iny large part of the oil it contains. Hence excessive wetting power 
iffeets deposit adversely. Emulsifying power always acts to decrease 
deposit. Applying these considerations to the deposits obtained with pro- 
tein spreaders, it follows that with low concentrations the marked in- 
crease in wetting power and the very slight increase in emulsifying power 
should lead to a sharp increase in oil deposit over that obtained with a 
mechanical mixture. Upon further increase in spreader both wetting and 
emulsifying power become so pronounced that the deposit passes through 
| maximum and thereafter decreases. In the case of the soap spreader the 
vetting power is never great enough to increase the deposit significantly, 
vhereas the emulsions become so stable even with very small amounts of 
spreader that an immediate decrease in deposit occurs. 

It is thus possible to account qualitatively for the two kinds of de- 
posit curves. Specific effects undoubtedly are concerned also, e.g., the 
sharp drop following the maximum point with blood albumin contrasts 
with the comparatively small decrease in the case of hemoglobin, a differ- 
ence in behavior that cannot be accounted for satisfactorily as yet. 
Phough both materials are proteins, they are very different chemically, 
for the blood albumin is a commercial product which contains almost 
everything that occurs in blood serum and it was subjected to a high tem- 
perature during drying. The hemoglobin was never heated and was kept 
in solution at a low temperature continuously so that changes in molecu- 
lar structure were minimized. 

Although this investigation has been limited to three spreaders it is 
probable that results similar to those for hemoglobin and blood albumin 
will be obtained with all typical wetting agents and that the behavior of 
sodium oleate is characteristic of all typical emulsifiers. 

Summary.— The deposit of oil obtained upon a standard beeswax sur- 
face from a fixed volume of an emulsion containing the protein spreaders 
hemoglobin or blood albumin, increases as small amounts of the spread- 
ers are added, reaches a maximum at a concentration characteristic for 
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~ach and decreases as larger amounts are used. On the other hand, al 
emulsions containing the soap sodium oleate, deposit less oil than th 
mechanical mixture of oil and water. These different behaviors are ex 
plained on the basis that deposit is favored by an increase in wettin; 
power until the latter is so great that much of the surface is continuall) 
covered during the application. Wetting power must be studied by dy 
namic methods for static measurements are misleading. Emulsifying 
power always decreases deposit. Application of these conceptions ex 
plains the two types of deposit curves. It is believed that a maximum 
will be obtained at some intermediate concentration of all typical wetting 
agents and that all typical emulsifiers will decrease deposit at all con 
centrations.—9-10-37. 
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Control of the Garden Centipede in 
California 
A. E. Micuetsacuer, University of California, Berkeley 


Winter flooding is the best method for control of the garden centipede, 
Scutigerella immaculata (Newp.) in asparagus fields. Wymore (1931) has 
published the most recent paper dealing with this method. Since 1931 
the writer has been interested in this problem, and has observed condi- 
tions in the delta of the Sacramento and San Joaquin rivers where flood 
ing as recommended by Wymore was not practical. For successful winter 
flooding the land should be covered with a foot or more of water for a 
period of about two weeks or longer. There are areas in the delta where 
such a procedure is not possible, either because of excessive seepage or 
because of unevenness of the land. Where asparagus is being grown no 
substitute measure has been found, but where the land is devoted to field 
crops, flooding during the warmer part of the season has given much 
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promise. Summer flooding was first suggested by the writer in 1935. Dur- 
ing May of 1934 a heavily infested field was flooded for a period of about 
six days. The depth of water ranged from an inch or two to about six 
inches. It was observed that many of the garden centipedes were killed 
luring the first day that the land was covered with water, and at the 
end of the period of flooding 88 per cent of the pests were killed. This 
gave evidence that a depth of water of a foot or more was not necessary 
to bring about a heavy mortality during warm weather. In fact it ap- 
peared that water only a few inches deep was desirable since it warmed 
up faster than water of greater depth. It was also observed that the 
varden centipedes move from the deeper soil into the cultivated surface 
soil when a field is flooded, where they are more easily killed by flooding. 
Some of these reactions are more fully discussed in an article, “The biol- 
ogy of the garden centipede, Scutigerella immaculata, in California,” 
which is to appear in Hilgardia, California Agricultural Experiment Sta- 
tion publication. 

The control obtained was sufficient to insure a good crop for that sea- 
son, but during the summer there was a marked build-up in the popula- 
tion so that sugar beets planted the following spring were severely 
injured. Numerous population counts were made during the growth of 
the sugar beets and by midsummer the number of garden centipedes 
present per acre based upon those actually recovered in the samples 
taken was approximately eight million. For each survey 12 samples were 
taken with a cylindrical tube 4 inches in diameter and having a half-inch 
slit running nearly its entire length to facilitate removing the soil. Sam- 
ples were usually taken to the depth of 18 inches although when the 
surface soil was extremely dry sampling was extended to about the 
24-inch level. A water-flotation method was used in separating the gar- 
den centipedes from the soil. Information on the distribution of the 
garden centipece, along with a second symphylan, Symphlella sp., which 
apparently is not injurious to growing vegetation, is being prepared for 
publication elsewhere. Because the surface area of the sampler is ap- 
proximately one five-hundred thousandth of an acre, the estimated num- 
her of garden centipedes per acre based on the actual recovery can be 
determined by dividing the average number collected per sample by two 
and multiplying by one million. 

During the first part of October 1935 the field was flooded for a second 
time. No garden centipedes were found in a population study conducted 
in November. In January 1936 the field was planted to sugar beets and a 
perfect germination stand resulted, the first that had been obtained on 
this particular piece of land for some years. In a survey made during 
that month two garden centipedes were recovered, but population counts 
made in March and April produced no garden centipedes, and a single 
specimen was recovered in the 12 samples taken in May. The field was 
again surveyed in August and this time 12 individuals were recovered, 
ran average of one per sample. Most of the individuals collected were 
small, but the population had built up sufficiently so that the pest could 
be rather easily found. The crop was harvested about 10 days previous to 
the August survey, and because of the early removal of the beets it was 
decided to flood the field again, although the garden centipede population 
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had not built up to a point where it would be destructive the following 
year. This was obvious since following the August survey there was not 
time for the pest to increase sufficiently to do damage. The field was 
flooded during the first part of September, and no garden centipedes wer« 
found in a survey conducted the following December. A summary of the 
data obtained for 1935 and 1936 is given in table 1. 

Table 1.—Population trends of the garden centipede, Scutigerella immaculata 
(Newp.) in a field devoted to sugar beet culture. 





Av. No 
oral Cor 

No LECTED 

Date No. INpivipvats CoLLectep Cor PER 

COMMENTS SURVEYED PER SAMPLE* LECTED SAMPLI 

I 2 a. & @ & 7 8 9 10 Il I2 

Seedlings just showing above 

ground 2-1 ’ l ‘ 2 2 lt ji l 1 1 ‘1 7.58 

Beet severely injured -12-35 15 6 6 22 338 458 5 4 2 169 14.08 
Field re planted seedlings not 
~ verely injured. ~ome nha 
tural factor reducing popu 

lation $25 > 4 l ; 5 5 7 2 15 ; 9 +.09 


In places soil rather dry to 


depth of 18 inches. Eggs and 

voung common 6-12-35 11 812 414 1 6 6 813 8 9 95 ‘91 
Surface soil dry. Water tabk 

14 to 20 inches. Many 


young garden centipedes 7-1 } 12 1 lz 140 8 2 8 26 27 09 17.4 
Beets reaching maturity. Soil 

drying out to 12 inch level 

Many young garden centi 

pedes s-2 9 9 5 4 ) » 20 )> 18 14 or 17 l 
Beets harvested. No san ples 

taken of very dry surface 

soil. Sampling extended to 

24 inch level 9-16-35 IS 20 l 1 24 12 26 29 30 15 11 1S9 
Field flooded during first part 

of October 1935 11-11 


Soil rather wet. Field to be 

planted to sugar beets in a 

few days 1-21-36 I l 2 l¢ 
Soil very wet below 6-inc! 

level. Perfect germinat 





stand }~ 5-36 
Surface soil becoming 

Beets doing nicely $ 22-5 
surface soil dry, wet af IS 

inches. Beets making good 

growth 525-36 1 Ox 
( rop irvested 10 days pre 

uslv. Many of the individ 

uals collected small S- 4-36 I ‘ ‘ l l 
Soil very moist. Field flooded 

luring first part ol septem- 

te 12-10 ( 

* During cropping period, odd numerals represent samples taken in row, even numerals represet 

en in interspace 


It appears that flooding during the warmer part of the year can bi 
successfully used in controlling the garden centipede. Flooding during 
early or late spring is not so desirable as later in the year since any sur 
viving garden centipedes will not have an opportunity to build up the 
population after the late flooding before the crop is planted the following 
season. For best results flooding should be done during the hottest part 
of the summer. At this time to give good control the land needs to b 
flooded for only a very short period (several days to a week). Where land 
is known to be severely infested, the crop should be harvested at the 
earliest possible date and the land flooded immediately upon its removal 
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If such a crop as peas is not followed by a second crop, for example beans, 
he land can be flooded at any time during the warmest part of the sum- 
mer. Properly done, summer flooding should control the pest for at least 
two years, and the writer believes that if flooding is done under optimum 
onditions control should result for longer. The field in which the experi- 
ment under discussion was carried out apparently affords ideal condi- 
tions for the garden centipede. The symphylan has continued to be a 
serious pest in this field since it was first noted. In other fields in the same 
veneral region the garden centipede has only on occasions become de- 
structive. In such fields less suited to the pest, summer flooding might be 
even more effective than in the field that was used for the present 
investigation. 

Influence of crops.—Different crops call for different management 
which in turn apparently markedly influences the conditions under which 
the garden centipede must live. In the delta regions of the Sacramento 
and San Joaquin rivers, sugar beet culture appears to favor the pest, 
while onion culture probably has the reverse effect. It is possible that 
sugar beets form a better diet for the garden centipede than do onions, 
but the writer is inclined to believe that the difference in culture is even 
of more importance. In general when land is planted to sugar beets the 
population increases, but when planted to onions it decreases. Fre- 
quently when heavily infested beet land is planted to onions a satis- 
factory stand is not obtained. This might suggest that onions highly 
favor the pest, but the writer believes that probably a very large garden 
centipede population has built up while the ground was in beets, which 
accounts for the destruction of the onion stand. This theory is also sup- 
ported by the fact that on infested land where beets follow onions a good 
germination stand of beets is frequently obtained. 

The growing of onions calls for a 
great deal of cultivation and consid 
erable water. The implements used 
tend to pack the surface soil. The 
onions are subirrigated by running 
water through “spud ditches” spaced 
at intervals throughout the field. In 
general the water table is maintained 2 L___ — 
ata rather high level. The result is = 
that soil above the waterlevelisrath- , Fi8- 1. Population trend of the gar- 

. den centipede during growth of an onion 
ercompact,and while the garden cen- G45 followed by a sugar beet crop 
tipede maintains itself, the environ- 
mental conditions are not conducive to a high rate of reproduction and 
the build-up of large populations. Time has permitted the study of the 
population trends in only one field where a sugar beet crop was followed 
hy onions. During the time the land was in onions there was a decrease 
in the population. This continued to the next spring after the field had 
been planted to sugar beets. The decline during the winter is natural 
because reproduction is almost at a standstill. However, with warmer 
weather there was a marked build-up in the population. The last survey 
was made on June 30. Many of the garden centipedes found then were 
very small, and all indications were that a later survey would show a 
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further increase in numbers. The population trend during the growth of 
the onion and sugar beet crops is shown in fig. 1. 

Calcium cyanamid treatment.—Calcium cyanamid has been reported 
as being effective in controlling the garden centipede. Experiments were 
performed in the field and greenhouse and, while no exact population 
studies were conducted, no evidence of any kill was obtained. In the 
field the material was used at the rate of 600, 900 and 1200 pounds to 
the acre. A single case was observed, however, in which it appeared that 
calcium cyanamid might have exerted a controlling influence, but the 
improved growth noted was probably due to correction of a nitrogen de- 
ficiency in the soil. Evidence indicates that caletum cyanamid has very 
little direct action upon the garden centipede, but may be very beneficial 
if applied to infested soil deficient in available nitrogen. 

Carbon disuifide.—This material has been widely used against the 
garden centipede. For best control soil temperatures of 65° F or higher 
are desirable. The use of this chemical is limited due to its high cost. 
It is chiefly used in greenhouses where crops are grown that bring a high 
return. In the field carbon disulfide is used only under very special condi- 
tions. In 1936 an experiment was performed to determine whether garden 
centipedes in a levee surrounding a flooded field could be successfully 
killed during the winter. The soil was very moist to wet and the prevail- 
ing temperature at the 6-inch level ranged from about 48° to 52° F. 
Small sacks made of fine bolting cloth were partly filled with soil that 
had a firm structure. Ten garden centipedes were added to each sack 
and the sacks sealed by folding the open end and securing it with a clip.' 
Holes 18 inches deep were then dug in the levee. The first hole was placed 
on the crest and three others were placed at 18-inch intervals down the 
side of the levee away from the water. A second series paralleling the 
first was placed at a distance of 36 inches. One sack was placed in the 
bottom of each hole, which was then filled with soil and carefully packed 
until the depth was reduced to 14 inches. Another sack was placed in 
each of the holes and the performance repeated until there were sacks 
at the 10, 6 and 3-inch levels. The depth of each sack was denoted by a 
string which was attached to the clip and to a stake above the ground 
marking the depth. The strings facilitated the finding of the sacks. Sacks 
were placed in a like manner on the crest of the levee and midway down 
the side for checks. The garden centipedes were placed in the soil Decem- 
ber 30, 1935, and the area was not treated until January 27, 1936, to 
allow for a natural settling of the soil due to rain and other influences. 

Two ounces of carbon disulfide were added to holes 18 inches apart. 
The holes in alternate rows were staggered to minimize the distance the 
gas would have to diffuse through the soil. They were so placed that the 
sacks were located at the greatest diffusion distance. The holes were 
made to the depth of 6 inches. this including that portion of the hole 
made by the sharp-pointed probe. After the carbon disulfide was applied, 
the holes were tamped tightly shut. The sacks containing the garden 
centipedes were examined on February 2 and all the individuals in the 
treated area were dead. With few exceptions they had been recently 


' This investigation was carried on in cooperation with J. W. Coover of the seed department of the California 
Packing Corporation. 
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illed, showing that death was due to the carbon disulfide. In the checks 
ll the garden centipedes were alive with the exception of those at the 
\8-inch level in the series which was. located midway down the levee. 
(he soil at this particular spot was supersaturated with water and was 
he wettest of any encountered in the entire experiment. 

This experiment clearly showed that the garden centipede can be con- 
trolled under rather adverse conditions, but because of the cost involved 
the treatment should be restricted to very special conditions. Because 
there is always a chance that all the pests are not killed by flooding, it is 
doubtful whether it would be practical to treat the levees under most 
conditions. 

Summary.—Studies conducted in the delta of the Sacramento river 
have shown that the garden centipede, Scutigerella immaculata (Newp.), 
can be successfully controlled by flooding infested fields for a period of 
several days to a week in the summer. 

Observations also indicate that cultural methods used in the growing 
of different crops have an influence on the garden centipede population, 
for instance, land cropped to sugar beets favors the pest more than land 
cropped to onions. 

Calcium cyanamid had apparently little effect upon the garden centi- 
pede, but the application of the material might prove very beneficial if 
applied to soils deficient in available nitrogen. 

Carbon disulfide was found to be very effective against the garden 
centipede even when applied to cold wet soil of a levee, if 2 ounces of 
the material were added to holes 18 inches apart, and the holes in alter- 
nate rows staggered to minimize the distance the gas would have to 
diffuse.—10-4-37. 
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Physiology of Psyllid Yellows of 
Potatoes 


J. R. Ever, New Merico fgrv ultural Experiment Station, State ¢ ollege 


Several years ago the author published in the JouRNaL (Eyer & Craw- 
ford 1933) an article on the feeding habits of the jumping plant louse, 
Paratrioza cockerelli, which causes the “psyllid yellows” disease of Irish 
potatoes. This disease, as has been described by Richards (1933) and his 
coworkers in Utah, is characterized by the upward curling and yellowing 
of the older leaves, the purpling of the margins of the younger leaflets, 
enlargement of the nodes and petioles, rosetting and the production of 
axillary shoots and aerial tubers. Furthermore, the yield of the affected 
plant is exceptionally low, the tubers are small, borne on extremely long 
stolons, and tend to sprout prematurely. In many of these respects the 
disease resembles both leaf roll and rhizoctonia. 

The disease cannot be transmitted mechanically through the custom- 
ary inoculation methods nor is it carried over in the seed. It is produced 
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only by the feeding of the nymphal stages of Paratrioza cockerelli; the 
adults are incapable of producing it. Furthermore, no incubation period 
is necessary as is the case in most insect-transmitted virus diseases, and 
the nymphs need not have fed previously on infected plants in order to 
produce typical symptoms. Also, when the insects are removed, the 
plants exhibit entire or partial recovery provided they are not too neat 
maturity. 





Fig. 1 (Left Cross-section of leaf 
blade, showing beak of potato psyllid 
nymph penetrating upper epidermis and 
palisade into tracheid 

Fig. 2 (Above Cross-section throug! 
midrib and leaf blade of diseased plant 
showing necrotic phloem and distorted chloroplasts and nuclei. 





From these facts, the nature of the disease seems to be that of a 
chlorotic toxemia produced entirely by an insect without the accompany 
ing influence of a virus or pathogene. In an 2 ttempt to gain more in 
formation regarding the specific nature of this disease, detailed studies 
of both the anatomy and metabolism of affected plants have received 
careful consideration in our studies at the New Mexico Agricultural Ex 
periment Station. Histological studies were first made of the feeding 
punctures of Paratrioza nymphs and revealed that the mouthparts are 
long and bristlelike, much as those of scale insects, fig. 1. In feeding they 
are thrust deeply into the leaf parenchyma, usually from the lower sur 
face, and invade the veinlets and especially the border parenchyma 
which is particularly concerned with the temporary storage of those car 
bohydrates elaborated in the early phases of photosynthesis. The injury 
thus produced, aside from the mechanical rupturing of the cells and the 
withdrawal of carbohydrates, consists also of the breaking down of the 
cell proteins. This is evidenced by the detection, through microchemical 
analysis, of such disintegration products as arginine, tyrosine and trypto 
phane. As will be explained later, this protein disintegration is reflected 
in the reduced nitrate-nitrogen content of diseased as compared with 
healthy plants, 
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The injury to the border parenchyma seems to be extended laterally, 
at least to a limited extent, for sections through the midrib and petioles 
show necrosis of the phloem or principal carbohydrate conducting tis- 
sues, fig. 2. To what extent such injuries are affected by ferments or 
diastatic and oxidizing enzymes still remains to be demonstrated. That 





Fig. 3. Chloroplasts in palisade and spongy parenchyma of a healthy leaf, A, as 
compared with those in a diseased leaf, B 


local translocation is inhibited, has been shown, and will be explained 
later in a discussion of the distribution of carbohydrates during the 
24-hour period. The immediate effect of these injuries on the chloren- 
chyma is apparent through the smaller size, lighter pigmentation and 
distortion of the chloroplastids, fig. 8. In severely diseased tissues this 
results in almost complete disintegration of these structures with accom- 


Table 1.—Pigment comparison, healthy and diseased foliage, 1936. 





SERIES | SERIES 2 SERIES 3 
June 10 JuNE 12 JUNE 27 
Healthy Foliag 
Potal pigments (mg. ‘gr. of plant material 0050 0082 OO14 
( hlorophyll Land B 0035S OO?) 
( arotin 0009 OO! trace 
Xanthophyll 0008 Ooo! trace 
Discnsed Felian 
lotal pigments (mg. /gr. of plant material O45 O16 0 
Chlorophyll A and B 0037 OO1! 0 
(arotin OO05 0008 0 
Xanthophyll 0003 O02 0 





panying abnormalities in the shape and staining characters of the nu- 
cleus. Moreover it was found by quantitative analysis that the percentage 
of both chlorophyll and carotin are decidedly decreased by the disease, 
table 1. 

Let us refer now to the studies of the carbohydrate metabolism. In the 
normal potato plant three types of carbohydrates can be easily detected 
and quantitatively determined. These are the hexoses (glucose and levu- 
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Fig. 4.—Variations in carbohydrates in leaf and root of healthy potato plant com- 


pared with a diseased plant over a 24-hour period. 
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Fig. 5.—Variations in carbohydrates in stem and tuber of healthy potato plant 
ompared with a diseased plant over a 24-hour period. 
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lose) which are the direct products of photosynthesis; sucrose, which 
according to Barton-Wright & McBain (1932, 1933) is the sugar of 
translocation and starch synthesis in healthy plants; and the starches 
which constitute in the potato both a temporary and permanent reserve. 

Figures 4 and 5 compare the relative amounts of these three carbo- 
hydrates in healthy and diseased plants at four-hour intervals over a 
24-hour period, as ascertained by the Shaffer-Hartmann method. Refer- 
ring first to the healthy leaf, the analyses show that the formation of 


40 Fig. 6.— Axial gradient study of carbohydrate dis 
1 tribution in leaf, stem, root and tuber of healthy potato 
30 plants as compared with diseased plants, at 2 a.m. and 
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hexoses is fairly uniform over the entire 24-hour period. In contrast. 
sucrose accumulates during the morning and evening hours and decreases 
through translocation and conversion during the mid-day period. 
Starches in the leaf accumulate with a fair degree of regularity during 
the sunlight period and become lesser in amount at night. The carbo- 
hydrate curves for the healthy stem advance progressively beyond those 
of the leaf, indicating normal translocation of soluble sugars and conver 
sion to starch only to the extent that the excess of the former gives rise 
to the temporary storage. At the time the soluble carbohydrates reach 
the roots some 24 hours later, approximately the same relationship exists. 

In the diseased plant conditions are decidedly different. First of all the 
hexoses do not form in the leaf as uniformly and an accumulation occurs 
during the afternoon hours, which is accompanied by a decided decrease 
in starch. The necrotic phloem, as demonstrated in the cross sections of 
the petiole, may account for these differences. The sucrose in the diseased 
leaf accumulates and translocation is delayed. 

In the stem these fluctuations are even more marked, indicating a 
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endency for compensation through more rapid conversion of hexoses 
nto sucrose. The starch here apparently maintains a maximum concen- 
tration through conversion of the accumulated soluble carbohydrates, 
.g., hexose and sucrose. By the time the soluble carbohydrates have been 
transported to the roots the tendency for retention has produced a condi- 
tion where the hexoses are decidedly low, due possibly to both faulty 
translocation and conversion to starch and sucrose. These relations are 
even more evident when axial gradient diagrams are constructed from 
the foregoing data, fig. 6. 


Table 2.—Nitrate nitrogen content of healthy and diseased potato plants. 





Parts PER MILLION NirrRate NITROGEN 


TREATMENT IN .O Gram or Porato SteEMs 
Healthy Diseased 
I 
Bentonite sulfur dust 107 286 
Bentonite sulfur liquid i283 228 
Dry lime sulfur $20 334 
Liquid lime sulfur 391 236 
Nicotine—liquid lime sulfur 368 311 
Untreated check 305 220 
I 
\mmonium sulfate-acid phosphate 289 182 
\mmonium sulfate-acid phosphate-iron sulfate 538 234 
(\mmonium sulfate-acid phosphate-aluminum 
sulfate $20) 204 
Ammonium sulfate-acid phosphate-manganese 
sulfate 389 148 
Untreated check 331 164 





As has already been mentioned, the tubers of diseased plants are much 
smaller than those of healthy plants. Consequently when a direct com- 
parison of the carbohydrates is made between healthy and diseased 
tubers the differences, as measured on a unit basis such as dry weight, 
are not as marked as might be expected. However, over the 24-hour 
period the storage of starches is significantly less in diseased tubers than 
in healthy. 

Disintegration of the cell proteins in the region of the psyllid feeding 
punctures, as mentioned, was demonstrated through qualitative micro- 
chemical analyses. Thus far, time has permitted a preliminary investiga- 
tion only of this phase of the plant metabolism. A series of field tests for 
nitrate nitrogen in the fresh tissues of healthy and diseased plants, using 
the methods of Emmert (1932) has, however, been made, table 2. 

These tests included plants receiving different applications of com- 
mercial fertilizers as well as different insecticide schedules. It was found 
that no matter what treatment the potato plants received by way of 
fertilizers or insecticides, those plants which showed unmistakable symp- 
toms of psyllid yellows were markedly deficient in nitrate nitrogen. Since 
it has been shown by Barton-Wright & McBain (1933) and Nightingale 

1928) that this form of nitrogen represents a quickly available type used 
by most plants to elaborate vegetative growth preparatory for matura- 
tion, it is highly significant that this form is noticeably lacking in a dis- 
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ease like psyllid yellows, which is characterized by suppression of both 
normal vegetative growth and yield of marketable tubers.—9-10-37. 
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Study of Control Measures Against 
Cotton Aphid 


We, Cuen-cuuna,' Central Cotton Improveme nt Institute National Economic Council, 
Shiao-Ling-W i, Nanking, China 


The following is a summary of Mr. Wu, Chen-chung’s paper, and is given here so that the American 
entomologists can have a better understanding of the problems that eoulvent the Chinese entomologist. 
The work deals with the distribution, life history, causes of outbreaks, and control measures against 
the cotton aphid. The author’s personal experiences in the extension of the new control measures in 
Hopei province, during 1936, are fully discussed.—A.E.M. 


Losses due to aphids.—In North China, the cotton aphid, Aphis 
gossypii Glover, is the most serious insect pest of cotton, particularly 
the American varieties. Because of this some cotton growers strongly 
advise against planting foreign varieties. Young cotton plants are most 
severely infested and in cases may appear wilted, eventually dying. 
Plants that are only slightly infested recover after a heavy rain, but their 
yield is much reduced. The estimated losses due to aphids all over China 
totalled 30 million dollars in 1936. 

Causes of outbreaks.—Dry weather and drought favor the develop- 
ment of the pest. The degree of infestation varies in the same field. The 
aphids usually first appear near the villages and spread from these centers 
to more remote places. If rigid control measures were carried out in the 
fields in the vicinity of villages, the spread of the pest could be checked 
with a minimum amount of work. 

Control.— Best control measures consist in using contact insecticides. 
A soap stock and cottonseed-oil emulsion were found to give best results. 
Tobacco extract came next. From the standpoint of cost the soap stock 
is the cheapest. Cottonseed-oil emulsion costs about eight times as 
much, and the tobacco extract 30 to 40 times as much as soap stock. 


! Associate entomologist. The author desires to express his hearty thanks to Mr. Woo, Fu-Cheng, chief 


entomologist of the same institute and National Agricultural Research Council, for the help and encouragement 
given during the progress of this investigation, to Professor E. O. Essig for his assistance in identifying the 
specific scientific name of the insect and to Dr. A. E. Michelbacher for his kindness in editing the present 


summary. 
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CorroNsEED-OIL EMuLsions.—Although cottonseed-oil emulsion has 
been used for years, it was not adopted by the farmers to any great 
extent, because of its high cost. In the present investigation experiments 
were conducted to determine whether smaller percentages of cottonseed 
oil might be used and still prove effective. It was found that a .3 per cent 
cottonseed-oil emulsion gave excellent control. This reduced the cost 
of material per acre from 92 cents to 20 cents. An improved formula 
which is given below was developed by Dr. Yang, Show-chen, and Mr. 
Sun, Yun-pei, of the Department of Chemistry, of the Central Cotton 
Improvement Institute: 

FORMULA 


Water 15,000 ee. 
Soda Ash (NaeCQO;) ‘7 grams 
Soap 31 grams 
Cottonseed oil 47 cc. 


Dissolve the soda and soap separately with a small amount of hot 
water, then add the soda solution to the 15,000 ce. of water. After 30 
minutes add the soap solution and then the cottonseed oil. Stir contin- 
ually for some time. 

It was also found that cottonseed-oil emulsion was about eight times 
as effective as kerosene, that is, .3 per cent of the cottonseed-oil emulsion 
was as effective, if not more so, than a 2.5 per cent kerosene emulsion. 

Soap Srock.—This is a by-product from the cottonseed-oil mill. The 
soap stock and the refined oil are obtained after the caustic soda solution 
is added to the raw oil. The soap stock is very cheap, costing only 66 
cents for 100 kilograms. During 1936 this material was experimentally 
tested to see whether it was as effective as the cottonseed-oil emulsion. 
Careful experiments showed that 91 per cent of the aphids could be 
killed even when the soap stock was diluted with water 120 times. To 
make an emulsion it is only necessary to dilute the material with water. 
It is then ready for use and the cost of material is only 2 cents per acre. 
This is probably the cheapest insecticide found in the world. 

Meruops or Appiication.—Contact insecticides are usually applied 
with sprays. Late in 1936 the author suggested a new method whereby 
infested cotton plants are dipped into a container filled with the insecti- 
cide. This method has been named the “dipping method” and proved to 
be very effective. This means of control was readily adopted by the 
farmers, where so advised. 

Meruop or Extension.— Because the farmers are usually very dubi- 
ous, demonstration methods were used in Hopei during 1936. A demon- 
stration farm of 162 acres was established in each of the three follow- 
ing districts, Li, Chin and Chao. Although doubtful at first the farmers 
were quite surprised at the satisfactory results obtained. Within one 
month 164 villages adopted this method of treatment and control was 
effected on more than 2500 acres of infested cotton. 

Resuits.—According to the report of the Ting Hsien Cotton Experi- 
ment Station there was an increase of 144 to 300 pounds of cotton per 
acre in every field that was treated. The increased yield reported by the 
lung Shan Hsien Agricultural Experiment Station was 576 pounds per 
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acre. The average increase reported from these two stations is therefore 
332 pounds or about $19 per acre. The increase in yield on the 2500 acres 
makes an additional income of $50,000, while the cost of the insecticide 
was slightly more than $2000. 

Future Plans.—Since July 1936, the Hopei government has been very 
interested in this treatment. Seventy thousand dollars has been appro 
priated to extend the program. There has been issued a command that 
all farmers must adopt this method of controlling the aphid. 

The Central Cotton Improvement Institute held a meeting in Kei 
feng, Honan, of all the members of the various cotton experiment stations 
in the different provinces, and taught them the control measures. All the 
provincial experiment stations in north China have readily adopted this 
method on a large scale. It is expected that control will be carried out 
on 660,000 acres in 1937 and 3,330,000 acres in 1938. 


A New Gooseberry Pest, 
Stretchia plusiaeformis Hy. 


Joun L. Hoerner, Colorado State Coll: ge, Fort ¢ 


With respect to*Stretchia plusiaeformis Hy. we have apparently found 
another example of a native insect having become a pest of a cultivated 
crop. In the insect collection of Colorado State College this species is 
represented by three specimens taken at a light by Dr. C. P. Gillette. 
One is recorded from Fort Collins, March 25, 1892. and two from Denver, 
April 30, 1892. Very little or nothing is known about this insect or its 
food plants. 





Fig. 2.— Moths, eggs, pupal cases and pupae of Stretchia plusiaeformis Hy. 
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Fig. 1.—-Larvae of Stretchia plusiae} Hiv. and the injury it causes to goose- 


ries 


In 1931, Mr. Hepler, a representative of the Libby-MeNeill & Libby 
Canning Co. at Manzanola, Colo., called attention to the fact that goose- 
berries grown in that section of the state were being injured. From his 
description it was suggested that probably the damage was caused by 
the currant fruit fly or the gooseberry fruit worm as reported from Utah. 

In 1932, the writer was in that part of the state and was sent to in- 

estigate. The writer was looking for the gooseberry fruit worm moths 
wing the blossoming period but found none. Later, injured berries were 
received and a second trip was made. This time numerous cutworms were 
und in the bases of the plants among the dead leaves. These worms 
vere active at night, crawling up the plants, cutting holes in the sides of 
e berry and eating out the seeds. 























902 JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 30, No. ¢ 


Numerous worms were collected and reared. The moths were deter 
mined by Foster H. Benjamin, of the U. 5S. Bureau of Entomology and 
Plant Quarantine, as Stretchia plusiaeformis Hy. 

Life cycle.—The moths emerge the later part of March and the first 
part of April. The eggs are deposited on the twigs and buds. The eggs 
hatch in seven or eight days and the young larvae feed on the expanding 
leaves. At about the third instar, the larvae seek shelter in the leaves and 
ground at the base of the plants. When the larvae are about full grown 
they seem to prefer the seeds of the developing berries. These are ob- 
tained by cutting a neat, clean hole in the side of the berry. As much as 
90 per cent of the berries have been injured. When full grown the larvac 
enter the soil, make pupal cells and pupate within. They remain in the 
pupal stage through the summer and winter, 2nd emerge as moths early 
the next spring. There is one brood a year. 

Best control was obtained by the use of 3 pounds of lead arsenate in 
100 gallons of water, applied just as the leaves are expanding. In severe 
infestations, a second application may be necessary about 10 days later. 

Poison bran mash, containing bran, Paris green and molasses, gave 
some control, but was applied just about the time the larvae were enter- 
ing the ground to pupate. 

Trimming off the lower branches of the bushes and close cultivation 
through the summer apparently aided greatly in reducing the injury the 
following year.—10-4-37. 


Peach Mosiae Disease in Colorado 
Carrot W. Wane, Colorado Division of Agriculture, Denver 


Peach mosaic is a disease of recent occurrence in Colorado, having 
been first recorded July 12, 1931, in Mesa county by E. W. Bodine, as- 
sociate botanist of the Colorado Agricultural Experiment Station. At 
that time seven trees in three adjoining orchards were found to be af- 
fected. The disease was further observed in subsequent years, and on 
May 14, 1934, it was identified by Bodine and confirmed June 19 of the 
same year by Dr. Lee M. Hutchins of the U.S. Department of Agricul- 
ture (Bodine, Hutchins & Thornberry 1937). At present the disease is 
found in five other states. 

Early spring symptoms of mosaic in Colorado are the backward or de 
layed development of the leaves. At that time the disease can be very 
easily detected on the leaves. In most cases the leaves are small, narrow, 
crinkled, irregular in outline and definitely mottled with dark green and 
light yellow mosaic patterns, fig. 1. As the leaves grow the mottling be- 
comes apparent over the whole leaf area; however, the mosaic patterns 
may become less distinct in all varieties as the season progresses. 

Trees that have been heavily diseased for more than one year will pro- 
duce an abnormal twig growth with shortened internodes. This results in 
a bunched, stunted leaf growth which is definitely associated with the 
abnormal leaf characters. 
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Fruit on diseased trees ripens somewhat later than that of normal 
iealthy trees. Within six weeks after blossoming time most of the dis- 
eased fruit takes on a bumpy and ridged appearance which develops 
more distinctly as the season advances. Diseased fruit that is distorted 
and small is unfit for market. 

The eradication program for Mesa county in Colorado began in 1934 
through a request from growers. Throughout that fall, mass meetings of 
all peach growers were held to familiarize them with the disease and to 


Fig. 1.—- Mosaic-affected leaves, showing characteristic mottling and veinlet clear- 
Normal leaves are at extreme left and right 





bring to light its serious threat to the peach industry. A preliminary 
survey was conducted at that time and 6000 diseased trees were marked, 
many of them being taken out by the growers. An advisory committee 
was then chosen by the growers to represent them in the program and to 
help work out the plan of control. Further at the request of the growers 
a pest district was formed by the state and the eradication program 
started in the spring of 1935. 

The entire district was mapped to show townships, ranges, sections 
and properties. After this, scouting crews were organized and the prop- 
erty cards of an entire section were assigned to thé crew supervisor. Each 
peach tree in the area was checked and all diseased trees found were 
chopped down, dug out and burned. Accurate records were kept of all 
trees and properties inspected. Thirty-two thousand one hundred sixty- 
three diseased trees were found and removed during 1935. 
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In 1936 the same plan of work was followed. Diseased trees numbering 
10,945 were found and destroyed on the 1271 properties inspected during 
three surveys. This is relatively a 66 per cent reduction of the disease 
for 1936 over 1935. 

In 1937 the same work program was being carried on, three surveys of 
the area being conducted. The first survey revealed 3191 diseased trees 
among 653,273 inspected, second survey 195 diseased trees out of 427,758 
inspected, and on the third survey 116 cases out of 154,355 trees in- 
spected in the heavily diseased areas. The eradication program of 1937 
has reduced the disease 68 per cent over 1936. Peach growers of the 
infected areas are well pleased with the entire eradication program and 
the progress that has been made. Reduction of the disease has been made 
possible only by having full cooperation of the growers, the fruit associa 
tions, the state agricultural experiment station, the federal Bureau of 
Entomology and Plant Quarantine, the WPA allotments and the state 
Bureau of Plant and Insect Control. 

Presence of peach mosaic in Colorado has not hindered the planting of 
new orchards, for at present there are around 125,000 more trees in the 
Palisade district than there were in 1934 when the disease was first no- 
ticed in abundance and the eradication program begun.—9-10-37. 
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Problem of the Range Grasshopper 
E. D. Bau, University of Arizona, Tucson 


Control of grasshoppers on cultivated crops was first undertaken in 
America about 50 years ago and it is almost needless to add that it was 
not very successful. In fact, it was well towards the end of the last cen 
tury before the biological facts were available upon which satisfactory 
method could be devised and well into the present century before these 
methods were in use. 

Since that time much work has been done and many studies made 
under various local conditions, until at the present time it can be safely 
stated that with our present knowledge a grasshopper outbreak in the 
irrigated valleys of the west is an indication of individual or community 
ignorance or indifference. In other words, any community that so desires 
may reduce the grasshopper population below the injurious limits and 
hold it there indefinitely. 

The situation is not that far advanced in the great plains and western 
edge of the prairie states, the region that is just witnessing a tremen- 
dously destructive outbreak. Here the situation is seriously complicated 
by the presence of large areas of submarginal lands—in fact, the recent 
grasshopper danger map put out by the government might be used for 
a map of the submarginal land problem. 

Good rich farm land well plowed and cultivated does not normally 
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raise grasshoppers—good grass sod, either short grass or prairie, does 
not raise the kinds of grasshoppers that attack cultivated crops—even 
typical desert areas do not raise grasshoppers that injure the farmers’ 
crops. But let any of these lands be cultivated and then abandoned, or 
let them be overgrazed and eroded and they immediately become hot- 
beds of weed production and grasshopper incubation. 

Let us then recognize that we have three major grasshopper problems, 
not one. 

First, the grasshoppers of the dust bowl and its environs, with its 
ove rgrazing, erosion and abandoned lands; a problem requiring many 
other agencies, besides entomological ones to solve. 

Second, the grasshoppers of the western irrigated valleys, especially 
where these irrigated valleys are clear-cut and limited to rich irrigated 
lands with deserts or grasslands alongside. The problem here is relatively 
simple and requires only individual and community attack. The out- 
standing successes in the past in checking outbreaks and in inaugurating 
farm practices that have kept these pests from reappearing indefinitely 
should point the way to better success in the Mississippi valley, even 
under dust bowl conditions. 

Third, the range grasshopper problem. This has not been a problem 
in the past, simply because no one knew enough about the biology of 
these forms or of the possibilities or opportunities of modifying the en- 
vironmental factors, to attempt to attack it. We are in about the same 
place with this problem that we were in the early seventies with the farm 
grasshopper problem. 

The writer (Ball 1936) has already called attention to the fact that his 
work on the biology of grasshoppers of Colorado and Arizona indicates 
that there are about 130 species in each state, n> of this 130 species not 
more than five or six are of major importance in attacking cultivated 
crops and that preliminary studies indicate that coil more than 10 or 12 
species in a given area will be of m: ijor importance in attacking the range 
grasses. Some 40 species have been proved to be beneficial, some highly 

because they destroy the worst weeds of the range. This leaves 70 
species that are either so rare as to be of no importance or which feed 
upon plants of little value. 

To summarize, we find about six species of grasshoppers injurious to 
cultivated crops, because they are omnivorous and will feed on any crop. 
They are also all long winged and migratory, or partially so, which 
enables them to go from field to field and farm to farm. On the other 
hand, the serious range grasshoppers are all grass feeders and most of 
them are limited to a single grass or a few related species, rarely attack- 
ing cultivated crops. They are mostly shorted winged and even the 
winged forms are not migratory, but remain all their lives in a restricted 
area. While the range problem deals with a large number of plants, 
varied environmental factors, inaccessible terrain and a multiplicity of 
parasites and predators it is not complicated by the migratory habit of 
its major species.’ 


Phe pellucid grasshop = is migratory, but it larg confined to mountain meadows and not normally a 
est on the open range. Dissosteri yipennis ittracting j tt n at present, but is extremely local 


| aporadic in appearance. 
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The average man, upon beiig confronted with the problem of con- 
trolling range grasshoppers, would throw up his hands at once and say 
that it could not be done, that the area is so vast, the returns per acre 
so low and the terrain so broken and difficult that it would be sheer 
folly to attempt it—and it would be—for him to try it, or for anyone who 
contemplated relying upon using the methods applied on cultivated 
fields. These methods have been worked out for fields and the conditions 
found in fields. The field or farm is not a balanced biological entity, the 
plow alone upsets all that; crops do not succeed themselves; there is no 
continuity or climax. There is even less opportunity for many forms of 
parasites and predators. A parasite may build up only to have the crop 
harvested and the continuity broken; a predator may become established 
only to have the crop shifted; we do not depend upon biological control 
on farm grasshoppers. We used to depend largely on brute strength and 
awkwardness; lately we have degenerated another step and fall back 
upon government surveys and government poison. If we keep on we will 
probably have government hatcheries to furnish the grasshoppers so 
that the surveyors and poisoners will be certain of a continuous job and a 
more abundant life. 

That may be an extreme point of view—possibly was intended to be, 
if so, only to remark that the writer recognizes that the government 
surveys and government poison have no doubt been of immense benefit 
in many areas, but he also recognizes that on the whole it has been ex- 
ceedingly wasteful and inefficient and that a much smaller sum of 
money wisely expended on long-time biologic research into the possi- 
bility of more efficient and less costly methods of handling the problem, 
would probably yield much greater returns. Possibly out of all this agita- 
tion and hullabaloo may come just that—if so, it may be worth its price. 

It might be worth while at this time, however, to suggest that the 
probable reason why the western irrigated valleys have been more suc- 
cessful in handling their grasshopper problems than their neighbors in 
the environs of the “dust bowl” has been largely because they have 
worked out a combination of cultural and biologic methods of control 
applicable to their conditions and much cheaper and more effective than 
the present tendency to rely on poisons, much of which has been applied 
after the damage was done. 

In striking contrast to the situation on the farm, the undisturbed range 
is a balanced biologic entity and while many ranges by overgrazing and 
erosion have been more or less altered, still they are essentially a product 
of natural forces and still operating under those forces. That means 
that the approach to the range grasshopper problem must be on an en- 
tirely different basis from that usually employed upon the farm, that 
in general the control measures utilized must be to emphasize and en- 
courage or expand that part of the natural pressure that ordinarily re- 
duces the annual crop of grasshoppers to the relatively few that nature 
allows to survive. 

Anyone attempting to utilize these natural forces in grasshopper con- 
trol either on the range or on the farm, must constantly keep in mind 
certain fundamental factors, and work with and not against them. Some 
of the most important of these are: 
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Grasshoppers not static but cyclic.—They build up in a series of 
favorable years to devastating numbers; and usually drop back to mini- 
mum numbers even more rapidly, often in a single season. 

The extreme possibilities or even the normal rate of multiplication 
under favorable conditions in nature has not been worked out for any 
of our species but enough is known so that all workers will agree that the 
table 1 is conservative; most of them will suggest that it is too conserva- 
tive. 

Table 1 is based on the assumption that it takes a pair to mate and 
lay eggs, that the female will lay two or probably more egg pods on 
the average, thus making the contents of a normal egg pod the minimum 
rate of possible multiplication. 

From the table it will be seen that with even as low a rate as 25 eggs 


Table 1.—Possible grasshopper multiplication under extremely favorable condi- 
tions. 





EGG Propuction per Eacu OrtcGinat GRASSHOPPER 
First Year Second Year Third Year 


V lanoplus mexricanus 600 15,000 


WV. differentialis 6,000 500 , 000 


Schistocerca spp. 10,000 1,000, 000 





per pod that the third year might see 15,000 eggs deposited for every 
single grasshopper present the first year, while the large grasshopper, MV. 
differentialis, might have half a million and the big bird locust a million. 


This table also shows why outbreaks often start with M. mexicanis and 
femur-rubrum the most abundant and reaches a climax with many times 
as many of the larger species. 

Local predators of greater value in years of scarcity.—The majority 
of the local predators multiply rather slowly (as compared with the pos- 
sibility in grasshoppers) and as they are equipped to hunt their food 
they get all they want except in years of extreme scarcity. They may eat 
two or even three times as many grasshoppers in years of abundance 
but that does not even make a dent in the swarms present at that time. 
On the other hand, in years of scarcity they may seek out and destroy 
the entire remainder in many areas and leave but a remnant in others 
so that the grasshoppers must build up in these local areas and then 
gradually spread back to the others before a general build-up in num- 
bers can start. 

Migratory predators, parasites and diseases usually more important 
in times of abundance.— Migratory predators (largely birds) rarely pay 
any attention to grasshoppers in areas wherever they are limited in 
numbers, but when they find an infested area they will alight and the 
ones passing over will see them feeding and swarm into the area by the 
thousands and in this way mop up an extensive outbreak. 

The parasites have difficulty in reaching a grasshopper or other insect 
in rich vegetation, but let them destroy the grass or crop cover and im- 
mediately they become easy marks for many parasitic forms. The dis- 
eCuses of insects are frequently limited to fa vorable atmospheric condi- 
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tions for their destructive sweeps, but there is also a high correlation 
with the presence of unusual numbers of the host. 

Usually favorable climatic cycles initiate grasshopper outbreaks, 
but predators, parasites and diseases as often terminate them.—Sinc 
the west was settled and records kept, there have been 11 or 12 grass 
hoppers outbreaks, about five of which have been widespread and de 
structive. Those of the early seventies and the early twenties of this 
century were probably the worst and most definitely marked, unless th« 
present outstrips them, but the outbreaks of the late fifties and earl) 
sixties and the late nineties were widely destructive. Sporadic records 
before this time, as well as the record of the grasshopper glacier, indicat: 
that these periodic outbreaks are normal and are correlated with climatic 
cycles. Besides these, there have been many local outbreaks with shorter 
cycles and some spots with almost chronic infestations. We need much 
more careful study into the conditions that initiated and terminated 
these outbreaks, as well as a critical study of biologic and climatic condi 
tions in areas in which there have been no recorded outbreaks. 

Hot and dry weather at egg-hatching time is recognized to be the 
most important favorable condition in general and in the more humid 
parts of the upper Mississippi valley this continues to be considered the 
most favorable variation but in the more arid parts of the great plains 
and especially in the southwest continued droughts may be so severe as 
to prevent hatching or to kill off practically the entire population that 
did hatch. 

Some of these factors equally applicable to economical and efficient 
control of farm grasshoppers and other pests.—There have been rela- 
tively few comprehensive biological studies of important pests, but the 
majority of those studied have shown that cooperation with natural 
forces is an important part of efficient and economic control. The spring 
disking of ditch banks and fence rows for the destruction of grasshopper 
eggs has long been good farm practice in the Colorado-Utah irrigated 
regions, but the sowing of these areas to oats so as to pre xluce dampness 
and shade at the time the remaining grasshoppers hatch out doubles 
the efficiency of the practice and has often resulted in the elimination of 
the pest. Under the extremely arid condition of the southwest, neither 
one of these practices would be of any value, but with a knowledge of 
the factors controlling, others of equal efficiency can be substituted. 

Concrete examples often more illuminating than abstract principles 
or deductions.—'T’o high-light the presentation the following are offered 
The slopes of the Baboquivari mountains are one of the best grazing 
areas in the southwest. Some years ago Carlos Ronstadt, whose holdings 
are on that range, informed the writer that the area he had reserved for 
winter pasture that year had been eaten out by grasshoppers. When the 
writer visited the area early the next summer he found a bad infestation 
of “Boopee,”’ Boopodon nubilum, the most injurious range grasshopper 
of the southwest. There were about a dozen grasshoppers per square 
yard. There were also a number of large heavy-bodied hawks (Swain 
son's) scattered over the area and the cowboys were shooting the hawks 
When asked why the shot them they answered ‘“The hawks eat the mic: 
and the mice eat the grasshoppers.”’ When it was explained and demon- 
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strated to them that the hawks were eating grasshoppers the shooting 
stopped. A visit two weeks later showed one-third as many grasshoppers 
ind 10 times as many hawks. Two weeks later there were no grasshop- 
vers left on the open range and no hawks at all. Down in the richer 
swales where the grass was rank the hawks had not been able to dislodge 
all the hoppers and there were a few Boopee left. Twice since that time, 
Boopee has built up populations large enough to be alarming, but each 
time the migrating hawks assisted by other migratory birds have found 
them and cleaned them out. The writer estimated 300 hawks to a square 
mile over an area of many square miles. 

The Sulphur Springs valley is the largest in southeastern Arizona, 
being about 100 miles long and 20 miles wide. This valley is bordered on 
the east bya series of mountain chains, the Chiricahuas being the central 
and largest of these. Over these mountains for three days in the sum- 
mt of 1932 rolled a series of fog clouds, probably the last remnants of 
a Gulf hurricane. These clouds were dissipated by the desert heat and 
never reached the farther side of the valley but on the eastern slope the 
humidity was high and a week later more than two-thirds of the then 
abundant grasshoppers the writer was studying were found dead of a 
fungous disease and still more succumbed in later rains, so that the 
population has not yet built up toits formermaximum. Up to the time of 
the fungous outbreak the ravens had not been much in evidence in the 
open valley but after that the writer found that if he wanted to locate an 
area Where the grasshoppers were abundant all he needed to do was to 
be in the valley early in the morning and watch the ravens spread out 
from their roosts in the Chiricahua mountains. Wherever any number 
of them alighted, there would be grasshoppers. These ravens went about 
their work in a strictly businesslike way. They would form rows spaced 
about 23 feet (the ordinary jump of a grasshopper) from each other 
and march along, paying no attention to a grasshopper that Jumped 
away from them, but pouncing on one that jumped away from the other 
raven towards them before it had time to get its balance. Sometimes 
there would be a rear rank and occasionally a third row, usually the 
birds in the second and third rows followed the openings in the row 
ahead. The 2}-foot spacing was often maintained between rows but 
there was frequently greater irregularity in this than in the lateral 
spacing. The activities of the ravens and other predators reduced the 
grasshopper population of the west side of the valley down nearly to 
that of the east side before the season was over. 

In spite of the arid climate the fungous disease has made its appearance 
somewhere in the state nearly every year. It can usually be found in 
the shaded areas in the river bottoms, especially in the Santa Cruz valley. 
M. differentialis oceurs in rich damp bottoms and this fungus is an im- 
portant factor in its control in such areas. 

The tarantulas and other large spiders appear to be important factors 
in grasshopper control. Because they are nocturnal, one does not ordi- 
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ahead of grazing animal means continual 


liv jump sidewise because they ha 


The raven's actions and that of the grass! opper in jumping si lew ise leads « 


jump 
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narily realize their abundance. The writer was caught in a car in 
sudden downpour on a heavily grassed range. The entire area was nearly 
2 inches deep in water in a short times and as soon as it ceased he started 
out to see how the grasshoppers were reacting to the flood—they wer 
climbing up on the grass stems apparently little the worse for the wetting 
but the interest soon shifted for about every 10 or 15 feet over the area 
was a big tarantula waiting for the water to disappear so he could go 
back down his silk-lined hole. The holes are usually under a tuft of grass 
and not noticed unless a search is made, but the writer has found since, 
that where the grasshoppers are abundant the holes are usually numer 
ous. 

The praying mantids, of which the southwest has seven species, the 
ground beetles, the robber flies, sarcophagids, the bee-flies, the blister 
beetles, the hair snakes and the mites all take their toll of the grass 
hopper and should be encouraged. 

Grasshopper outbreaks are usually local in the beginning and if dis- 
covered early enough sheep or cattle can be concentrated on the area 
and the vegetation grazed off. This will trample and maim many and 
will expose the rest to the full force of the predators and parasites. If the 
grazing is sufficiently prompt and severe, it may starve the young ones 
to death. The writer has made counts (if you could call them that) of 
two to three living grasshoppers to a square mile on badly overgrazed 
drought-stricken areas.—9-10-37. 
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Aphid Taxonomy as Related to 
Economic Entomology and 
Plant Pathology 


Miriam A. PALMER, Colorado Agricultural Experiment Station, Fort 


t Collins 


At first thought it might seem that an aphid is just an aphid and 
whether A phis rumicis L., Myzus persicae Sulz. or Aphis pomi DeGeer is 
not important to the control, since any infestation whenever noticed 
can be sprayed with nicotine sulfate and destroyed. The matter, how 
ever, is not always so simple. 

Single-host aphids.—A knowledge of the aphid’s identity and its 
hosts is essential to determine whether other kinds of plants are in danger 
of attack. Most aphids feed upon only one species of plant or on species 
belonging to a single genus, and there is no danger of these aphids caus 
ing injury to other plants which may be near by. Out of 310 species of 
aphids recorded in Colorado, 226 are thus restricted in their feeding 
habits and 30 of these are economic species. For example, Macrosiphum 
rudbeckiae (Fitch), the red aphid on Golden Glow, does not colonize on 
anything else, Clavigerus bicolor (Oest.) and Clavigerus smithiae (Monell), 
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the large reddish or purple aphids which infest willow trees and are con- 
spicuous on sidewalks or ground under them in the fall, will attack only 
willow. Other examples are Periphyllus negundinis (Thos.), the little 
green aphid on box elder, Aphis pomi DeGeer, the green apple aphid on 
apple, Macrosiphum rosae (L.), the green rose aphid, and the large 
brown aphids on conifers. 

Alternate-host aphids.—Certain other species have alternate hosts, 

.e., a winter host, usually woody, and one or more summer hosts, usually 
herbaceous. Forty-four such species (17 of them economic) occur in 
Colorado. For example, Myzus persicae (Sulz.) winters on peach, damag- 
ing the fruit and curling the leaves in the spring, then migrating to a 
large number of herbaceous plants for the summer. Rhopalosiphum pruni- 
foliae (Fitch), the apple grain aphid, winters on apple and spends the 
summer on oats. Aphis bakeri Cowen, the clover aphid, winters also on 
apple, but summers on clover. Macrosiphum solanifolii (Ash. ), the potato 
aphid, winters on rose and summers on potato, cucurbits, peas and a 
large variety of other herbaceous plants. 

Polyphagous aphids.— Other species are polyphagous, infesting a large 
variety of plants, still within certain limits. There are 13 such species 
in the state, mostly economic and introduced species. Examples are A phis 
gossypii Glover, the cotton and cucumber aphid, which includes 11 
families of plants in its bill of fare, as does also Aphis medicaginis Koch. 

{phis rumicis L. includes eight families. Aphis middletonii Thos. six 
families, Aphis marutae Oest. eight families and Myzus persicae Sulz. in 
summer eight families besides the peach for winter host. Intelligent 
control of this group, of course, requires knowing the species concerned. 

Alternate-host migrants.—Life history data are also important so as to 
know not only what hosts may be attacked but just when the aphid will 
he leaving the plant under consideration. The time of migration may 
decide the question as to whether control is needed. It is useless to spray 
aphids which are about to leave unless it is done to protect the alternate 
host. For the latter purpose the spray should be applied before any 
aphids have migrated. These dates are usually about the middle of May, 
for first appearance of migrants and around the middle of June for the 
final disappearance of the species from the first host; but this may vary 
with the different species as well as with the climate. Dates given here 
are from Colorado records, mostly from the vicinity of Fort Collins, but 
many are from the fruit-growing sections of the western part of the state. 

{phis helianthi Monell, the sunflower aphis, leaves Cornus sp., the 
winter host, in the second generation, during the period beginning April 
14 and ending May 4; Aphis viburnicola Gill. migrates in the second 
generation and from May 14 till about June 9, Myzus persicae (Sulz.) 
migrates mostly in the third generation from the beginning to the middle 
of June; Rhopalosiphum prunifoliae (Fitch), May 1 to June 22, and 
Myzus cerasi (Fab.) June 8 to early July; Aphis helichrysi Kalt. finishes 
not later than the middle of June; Hyalopterus arundinis (Fab.) begins 
migrating to grass (Phragmites communis) about May 25 but does not 
migrate completely, some remaining on the plum all summer. 

Single-host migrants.— Aphids remaining on the same species of host 
have certain periods when migrants appear and spread the infestation. 
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Control measures should be applied before this date. The winged forms 
usually appear during the latter part of May, but some species vary 
from this, e.g., in Aphis persicae-niger Smith on peach, winged forms 
appear April 29 and by June 13 the colonies have disappeared. A phis 
pom? migrants appear April 18, but mostly from May 10 to Sept. 1. In 
Aphis rubicola Oest. the winged forms may not appear before June 2. 
In the case of Eriosoma lanigerum, the wooly apple aphis, winged forms 
are extremely rare till beginning of September. 

Plant deformities.—Some species of aphids produce plant deformities 
such as leaf curl or galls which protect them against sprays and dusts 
used as control. In these cases, by the time the infestation is noticeable 
nothing very effective can be done. With such species the measures 
must be preventive to be successful. Recognition of the presence of the 
eggs and knowledge of the time of hatching is necessary so as to apply 
the spray between the time of the hatching and the opening of the leaf 
buds where the little aphids will be able to find protection in the folded 
and later curled leaves. Examples of such cases are Myzus cerasi, the 
black cherry aphid, in late May and June; Myzus persicae, the green 
peach aphid, before May 23; Aphis viburnicola, snowball aphid, in early 
May, and Prociphilus fraxinifolii Riley which curls ash tree leaves into 
unsightly clusters. 

Plant disease carriers.—Plant pathology involves knowledge of 
identity of aphids in the control of virus diseases. A certain compara- 
tively small number of species of aphids are carriers, while others are 
innocent. A knowledge of identity of species found on diseased plants 
is necessary to determine their part, if any, in the trouble and to aid in 
discovering any possible sources of additional infestation and infection. 

Some plant disease viruses are carried by a single species of aphid, 
others by several. For example a disease transmitted by a single aphid 
species, as perhaps raspberry curl disease, carried by Aphis rubicola 
(Oestlund), or red mosaic of raspberry, carried by Amphorophora rubi 
(Kaltenbach ), requires recognition of those respective species only and 
as their only hosts are plants belonging to the genus Rubus there is no 
danger of carriers arising from aphid infestations on other plants. On 
the other hand, leaf-roll of potato has been reported to be transmitted 
by a half a dozen or more species of aphids, first and foremost Myzus 
persicae (Sulz.) but also Macrosiphum solanifolii Ash., Myzus circum- 


flexus (Buckt.), Macrosiphum pelargonii (Kalt.), Aphis fabae and pos- 


sibly Myzus pseudosolani Theobald. Most of these species infest a large 
variety of hosts, including many weeds and truck crops. Recognition of 
these aphids, whether on the potato or on neighboring plants including 
weeds, is therefore very important for the purpose of reducing carriers 
and controlling the spread of the disease. 

Host and aphid keys.—<A practical key for the use of the economic 
general entomologist and growers would seem very desirable. The gen- 
eral aphid keys are highly technical and often use characters which are 
difficult for even an aphidologist to determine. It is necessary to know 
the large groups at sight, for keys to the subfamilies, in order to include 
exceptional cases, are driven to use characters not present in all stages, 
or difficult to observe, especially for one not a specialist. A host key can 
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mplify the problem greatly because it includes only the species com- 
only found on the host in question. A field key can use color of aphid, 
resence or absence of wool, whether solitary or in colonies, part of plant 
attacked and character of plant deformity, if any. Of course these char- 
icters are not evident in preserved aphids and here microscopic char- 
cters must be used and these require more training. Beginning with the 
ost greatly simplifies even this kind of key. This procedure, however, 
cannot include unusual or stray species of aphids and therefore is not 
entirely reliable. In the fall, return migrants often settle on hosts related 
to the true host and they may even deposit sexuales. Such collections 
can be determined only by an aphidologist. 

Summary.— Knowledge of aphid identity is at least advantageous 
and often essential to intelligent and efficient control of aphid infesta- 
tions. Keys beginning with the host and following with either field or 
microscopic characters may suffice for the use of general entomologists 
in a considerable proportion of cases, but there still remain a large num- 
her of cases which can be decided only by a specialist in aphid taxonomv 

9-10-37. 





CURRENT CONTRIBUTIONS 
Some Physical Properties of 
Commercial Paris Greens 


; 


Lyte D. Goopuve and Ernest L. Gooven, U.S. Department of Agriculture, 


Bureau of } niom dogy and P int sarantine 
The particle-size distribution in 22 brands of commercial calcium ar- 
senate was reported in a preceding paper by Goodhue (1937). The cer- 
relation of particle size with other physical and some chemical properties 
of this material appeared to be of such general interest that a similar 


Table 1.—Particle-size distribution of nine commerciai brands of Paris green. 





SAMPLI PERCENTAGE OF SAMPLES BETWEEN INpbiIcatep Rabu 
Above 20u 20-liw Li to 10u 10 to 7.5u 7.5 to du Below Su 

\ 24 30 33 6 5 2 
B 16 14 33 24 10 3 
( $2 14 27 12 6 9 
D 32 22 36 } 2 t 
LD 11 14 26 24 13 12 
I 14 t 32 27 14 9 
( 12 10 14 15 22 27 

10 6 18S 16 1S 35 
I 8 8 25 32 23 t 





study has been made of the commercial brands of Paris green. This in- 
cludes the determination of five constants—the particle-size distribution, 
the particle form, the density, the loose bulking value, and the angle of 
slope—all of which in some measure characterize a dusting insecticide. 

































































Fig. 1.—-Photomicrographs (100) of nine commercial brands of Paris green 


Particle-size distribution.—For the determination of particle size the 
method of sedimentation analysis as described by Goodhue & Smith 
(1936) was used. The suspension was prepared by shaking the sample 
for one hour in a dilute sodium citrate solution in 50-per cent alcohol. 
Upon final dilution in the sedimentation apparatus the concentration of 
the Paris green was 11.3 grams per liter, and of the sodium citrate .3 gram 
per liter. This amount of sodium citrate was sufficient to prevent floc 
culation. The Paris greens fall in a range that is well adapted to sedimen 
tation analysis. 
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The particle-size distribution is given in table 1. To get as much in- 
formation as possible, six fractions have been chosen, and the amounts 
alling in them have been calculated by the graphical method of Odén 
1916, 1926). The amount above an effective radius of 20 microns should 
be comparable to the amount that will not pass a $25-mesh sieve. 

Particle form.—T'o check the sedimentation results and to record the 
particle form each sample was photographed. At first slides were pre- 
pared by dispersing a small amount of the material in a drop of glycerin, 
but the high refractive index of the glycerin made it difficult to obtain 
photographs with sufficient contrast. Finally, a test-tube duster similar 
to the one described by McCallan (1930) was used to dust the slides and 
obtain the dispersion in the dry » ay. A comparison of a sample in glyc- 
erin with one in air showed very little, if any, difference in the degree of 
dispersion. 


Table 2.—Some physical constants of nine samples of commercial! Paris green. 





SAMPLI Densitry* BuLKING VALU? ANGLE OF SLOPE 
Grams per u. In. per Lb Degrees 


17.9 36.5 
18.9 34 
20.2 36 
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* These ilues were determined by ove, of the sion of Insecticide Investigations 


Although the exact particle size was not determined from the photo- 
graphs, fig. 1, the relative order of fineness is very close to that obtained 
by sedimentation analysis. With very coarse or very fine samples the 
photographs give an idea of the particle size above and below the range 
covered by sedimentation analysis. 

In the manufacture of Paris green the tendency is for spheroids to be 
formed in the crystallization process. These are very evident in several 
of the samples, while in others only irregular particles could be found. 
The form characteristic of each sample can be readily determined from 
the photomicrographs in fig. 1. 

Density.—The density was determined by the pycnometric method, 
95 per cent aleohol being used as the immersion fluid. Since Paris green 
is a definite compound, the determination of the density gives some idea 
of the purity and the uniformity of different brands. The values for den- 
sity, given in table 2, show little variation. As in calcium arsenate, the 
finer samples tend to have the higher densities, but with Paris green the 
correlation between particle size and density is not good. 

Loose bulking value.—The loose bulking value was determined by 
weighing the contents of a container having a capacity of 9.15 cubic 
inches. The values appearing in table 2 have been converted to cubic 
inches per pound. Although the actual values do not vary so much as 
for the calcium arsenates, the percentage variation is nearly as great. In 
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the case of the Paris greens the bulking value gives a more reliable indica- 
tion of the relative fineness than in the case of calcium arsenates. Except 
for sample D, which is somewhat out of order, the agreement is good. 

Angle of slope.— Wilcoxon & McCallan (1931) measure the base angle 
of a cone formed by allowing dust to flow through a funnel supported 
above the center of a metal disc. When no further altitude is gained by 
further addition of dust, the height of the pile is measured and from the 
tangent the angle of slope is obtained. This angle gives a relative value 
for the dustibility of a dust. Dusts that flow easily and dust well give a 
low angle of slope. The values recorded in table 2 show that, except for 
sample H, the variation is not great. Usually Paris green gives an angle 
15 to 20 degrees lower than calcium arsenate. 
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Fig. 2.—-Curves showing the particle-size distribution of nine samples of commer 
cial Paris greens. Effective radius in microns. 


Discussion.— The results given in table 1 have been plotted in fig. 2 
as cumulative frequency curves. This method of presenting the data 
gives a ready means of comparing the fineness of the samples. The high- 
est curve indicates the finest material. The fact that nearly perfect 
sigmoid curves were obtained indicates that the particle-size distribu- 
tion follows the law of probability. This type of distribution is probably 
quite general unless some fraction has been removed, but usually the 
range covered by sedimentation analysis is not sufficiently great to give 
a complete picture of the distribution. 

The correlation of particle size with bulking value, as pointed out 
above, is very good, but the relation between density and particle size 
which occurs with calcium arsenate does not exist here. The two finest 
samples, G and H, have the greatest density, but the next in line, sample 
D, is one of the coarsest. There is also no apparent correlation between 
angle of slope and any of the other properties reported here. The air- 
floated sample H gives a very high angle, which is probably due to the 
decreased particle size. Since Paris green is a definite compound, copper 





December 19387 SIMANTON & MILLER: HOUSEFLY SUSCEPTIBILITY 917 


acetoarsenite, no change in the chemical properties is to be expected as 
the physical properties are varied. 

The physical properties of an insecticide, especially the particle size, 
are very important. The coverage, the adherency and the efficiency of an 
insecticide in general are closely related to the particle size. More data 
on this subject are desired, especially in relation to laboratory and field 
tests on insects. 

Summary.— The particle-size distribution of nine commercial samples 
of Paris green has been determined by sedimentation analysis. Except 
for one air-floated sample, the Paris greens were found to be coarser 
than the samples of calcium arsenate studied in a previous investiga- 
tion. The particle form is indicated in photomicrographs, which also gave 
a check on the particle size as determined by sedimentation analysis. The 
loose bulking values were in approximately the same order as the results 
by sedimentation and may be used as a rough measure of the fineness of 
Paris green. The angle of slope indicates that in general Paris green will 
flow easily and dust well. The density of each sample was determined to 
check the purity of the samples and to obtain some idea of the uniformity 
of the different brands. Little variation in density was noted.—8-6-37. 
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Housefly Age as a Factor in 
Susceptibility to Pyrethrum Sprays 


W. A. Srmantron and A. C. Mruver, Gulf Research and Development Co.,' 
Pittsburgh, Pa 


The Peet-Grady method has been in use for several years as the official 
method (Peet 1932, Simanton 1987) of the National Association of In- 
secticide and Disinfectant Manufacturers for evaluating household 
insecticides. This procedure specifies that flies, Musca domestica Lins 
employed in testing shall be five days old. The literature on the sub- 
ject of fly age does not disclose figures to show actual differences in 
susceptibility or in uniformity of flies subjected to test at specified 


Early publication of tl is paper has been secured p nent of the pr nting charge 
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periods after emergence. Grady (1928) stated that his observations 
disclosed the adult housefly to be very active and resistant until about 
the eighth day after it emerged, reaching its peak of activity and resist- 
ance about the fifth day. In another paper, Peet & Grady (1928) pointed 
out the supposition that an old fly or a very young fly or a fly in any way 
enfeebled will be more susceptible to the action of any toxic material 
than will a strong, healthy individual. 

Laboratories employing the Peet-Grady test for evaluating fly sprays 
have diverged somewhat from the original description of the test, in that 
they often use flies ranging in age from two to six days. In an attempt to 

Table 1.—Susceptibility of flies of various ages to a pyrethrum fly spray as deter- 
mined by the Peet-Grady method. 





Per Mean Per Cen 
Ace No No No CENT KNOCKDOWN 
Group Tests Cages Lins Mares Mean Per Cent Dean art 24 Has aT 10 MIN 
Females Males Females Males 


1.5 hrs 
5 lr 
6 hrs 
+? hrs 
21 hrs 
+2 hrs 


45 hrs 





* Standard error 


show the extent to which fly age affects mortality, the writers conducted 
a series of tests in which a given insecticide was tested against flies of 
the same batch at specified intervals after emergence. Since Murray 
(1937) has shown that male flies differ widely from female flies in their 
susceptibility to pyrethrum household sprays, all flies in this series of 
tests were sexed, the mortalities for males and females being recorded 
separately. 

To secure flies of the same age, four to six culture jars nearing the 
peak of emergence were entirely emptied of adults. All flies emerging 
within one hour thereafter were transferred to a stock cage and held for 
one hour before testing. When subjected to the insecticide, all flies used 
were then between one and two hours old. Flies emerging from these 
same cultures within four hours after the jars were first emptied were 
added to those flies taken off at the one-hour period, and these were 
held for four hours before testing. Thus all flies in the second age-group 
were from four to eight hours old. The cage, which received about 1200 
flies from the four hours of emergence, was provided with milk for food 
and held for tests on older age groups. Whenever the flies in the cage 
attained a specified age, one to three lots of approximately 150 flies each 
were drawn off for testing. 

From the description of the procedure as given above, it is obvious 
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that changes in susceptibility would be truly relative because flies from 

the same culture, emerging within a closely designated interval, were 

tested at several specified ages. It was not always possible to secure suffi- 

cient flies in the four-hour emergence period allowed, to enable tests to 

be made at each of the nine specified ages, but in the majority of cases 

at least five age groups were tested from each cage. Tests were repeated 
100 
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AGE IN DAYS 
Fig. 1... Mean mortalities of houseflies of different ages. Standard errors are shown 
for each point 


on different days with cages representing flies from several different cul- 
tures. 

The insecticide used for all tests was made up of pyrethrum and a de- 
odorized petroleum fly spray base, the finished spray containing 122 mg. 
of total pyrethrins per 100 ml. Such a spray would be considered a good 
quality household fly spray. 

Tests were conducted by the Peet-Grady method (Peet 1932) plus 
the recent modification which calls for the use of absorbent paper on the 
chamber floor. The paper was discarded after one test on each side, and 
the chamber was thoroughly wiped and aired after each test. 
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Flies used in the investigation were reared on Richardson’s culture 
medium, which consists of bran, alfalfa meal, malt, yeast and water. All 
flies appeared normal. Milk was placed in the cages for food eight hours 
after emergence and was replaced by fresh milk each day. Flies were not 
observed to take food until they were at least 12 hours old. The writers 
could observe no difference among the various age groups regarding ac- 
tivity of flies in the Peet-Grady Chamber immediately before spray- 
ing. 

A total of 95 tests were made on 15,235 flies, the tests being divided 
among nine age groups. Table 1 gives a summary of the data obtained 
from the investigation. Figure 1 presents in graphic form the mortality 
data for each sex at the various ages. 

When examining the data given in the table and in the graph, it should 
be remembered that the figures show the resistance of laboratory-reared 
flies. Judging from the short life eyele and the hardiness of the individ- 
uals, one can assume that houseflies reared in the laboratory are under 
nearly optimum conditions. In general, copulation begins on the second 
day, nearly all females being fertilized by the end of the third day. 
Oviposition usually begins on the third day, continues near the maximum 
through the ninth day, and then gradually diminishes. 

It is interesting to note the association of mortality curve trends with 
reproductive activity. The standard errors shown for each point on the 
graph appear to indicate that variability in resistance to insecticides is 
the greatest during the ages at which copulation and oviposition occur. 
The graphic presentation of the standard errors also serves to show the 
validity of the trends in the male and female curves. 

That very young flies should be much more resistant to an insecticide 
than older flies is quite unexpected. While the kill was much lower for 
the young flies, the speed of paralysis or speed of “knockdown” was much 
greater. At least 90 per cent of the one and one-half-hour and six-hour 
flies were completely paralyzed within one-half minute after spraying; 
whereas, with three or five-day old flies, $0 per cent were not knocked 
down until about two minutes after spraying, and even these were not 
completely paralyzed. The relationship of age to speed of paralysis could 
greatly affect results obtained from a testing procedure such as that de- 
scribed by Richardson (1931) which bases the toxicity of an insecticide 
on speed of paralysis. 

The increasing difference in resistance of male and female flies between 
the six-hour and the 45-hour age groups is shown in the knockdown fig- 
ures as well as in the kill figures. Considering only the three to five-day 
old flies, the ages commonly used in the Peet-Grady test, the mortalities 
show the females to be about twice as resistant as the males. Of the up 
flies, calculated from the knockdown data in table 1, there are about five 
times as many females as males. 

A mortality curve for age groups having a 50:50 sex ratio would, of 
course, fall half way between the mortality curves for the males and 
females. Ordinarily, as shown in table 1, the sex ratio of flies liberated 
into the test chamber is quite variable. In a graph similar to fig. 1 but 
based on unsexed test units. the trends in the susceptibility of various 
age groups to the insecticide, excepting the two youngest age groups, 
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would be largely covered up due to the wide variation in mortality caused 
by the spread in sex ratio. 

In addition to the age groups listed in table 1, five tests were made on 
833 15-day old flies representing three different cultures. These tests gave 
a mean female kill of 53.6 per cent with a standard error of 2.7, and a 
male kill of 100 per cent. Mean knockdown figures were 100 per cent 
and 99.6 per cent respectively for males and females. Because most of 
the male flies die naturally between 10 and 15 days after emergence, the 
15-hour age groups tested contained only a small percentage of male flies. 

Summary.—<An investigation was undertaken to determine the suscep- 
tibility of houseflies of various ages to a pyrethrum fly spray. 

The data show that very young houseflies are more easily paralyzed 
but less easily killed than are older flies. By the Peet-Grady method fe- 
males flies are about twice as difficult to kill as are male flies. Female 
flies are also more difficult to paralyze. 

There are indications that beth resistance and uniformity of resistance 
are closely associated with reproductive activity.—10-8-37. 
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Tolerance of Animals to Pyrethrum 
Ixtracts 
E. R. pe Onc, San Francisco, Calif 


The use of pyrethrum extract in light petroleum oil fractions as a con- 
trol for the hibernating sugar beet leafhopper on winter range in Cali- 
fornia has led to the question of possible danger to grazing sheep and 
cattle on such treated land. Sprays are usually applied at the rate of 
5 to 8 gallons of the undiluted oil-pyrethrum extract per acre, using 
either airplanes or ground power machines for applying. Under such 
methods of application, a considerable quantity of light oils, such as 
kerosene, is evaporated during application, thus reducing the amount of 
spray reaching range plants and also the pyrethrin content breaks down 
rapidly on exposure to air and sunlight, lowering its activity as an in- 
secticide. Range spraying is done either when grazing animals are present 
at the time of application or more often when they are absent and are not 
given access to the sprayed vegetation until three or four days after the 
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application. No records being available as to the possible effect of such 
pyrethrum—petroleum-oil sprays on sheep and cattle, an extended series 
of experiments was made under range conditions and with grade sheep 
being prepared for market. More variation than was desirable was found 
in the test animals, as they included cross-breds of both the wool and 
mutton types, which interfered to a certain extent with uniform rates of 
gains. Otherwise all conditions of the entire feeding series were uniform 
and were also checked with feeding experiments of the same materials 
on rabbits. 

Materials and methods.—The first experiments were made by spray- 
ing range type of feed, including natural wild grasses and a small amount 
of oak browse. The various spray materials, as will be indicated, were 
applied with a power sprayer in pens 
containing one-eighth to one-tenth of Table 1.—Specifications of oils used in 
an acre. Fourteen lambs weighing 50 SPrays. 





to 60 pounds were used in the first Piypenereue'F  Kenoarns REG 

feeding series, three lambs being put Sidiuntan Beldha-citer Oia 

in each of the corrals and two in the 6 Initial 

untreated check. a - Initial 
Pen A was sprayed with a commer- $35 50 

cial leafhopper material made by ex- 77 ie 20 

tracting one-half pound of dry ground — weaiieon - 

pyrethrum flowers, Chrysanthemum 670 90 

crnerariaefolium, in one gallon of kero- soe Gravitation RB mad Point 

sene. Pen B was sprayed with material icedtee the ” 

made from a pyrethrum concentrate _ 345" 10 

(20 is of pyrethrum flowers to 1 ee ee a 

poun Pp! 1 





gallon of solvent) added to 39 gallons 

. ° ° oy ° * By Saybolt thermoviscosimeter 
of Diesel oil. Diesel oil is an unre- ; By Saybolt universal viscosimeter at 100° I 
fined fraction commonly used as fuel 
oil, with a distillation range extending from a portion of the kerosene 
fraction over into the lightest form of lubricating oil. The oil, being unre- 
fined, usually contains 1 to 1.25 per cent sulfur as well as various un- 
saturated hydrocarbons and olefins, giving it a characteristic odor. Pen C 
was sprayed with a laboratory-prepared material consisting of one-half 
pound of dried ground pyrethrum flowers extracted with 1 gallon of kero- 
sene, and the extract mixed with 1 gallon of Diesel oil. Pen D was divided 
into two parts, one-half being sprayed with the same formula as used in 
pen B, and the other half left unsprayed to determine which portion 
would be preferred by the sheep. Pen E was an untreated check in which 
no spray of any kind was used. 

Tests with sheep.—Before the sheep were turned into the pens, the 
latter were sprayed with the materials indicated at the rate of about 
7 gallons per acre and the sheep turned in three days after the spray 
application. No additional feed of any kind was given to any pen for a 
few days so that any effects of the spray might be developed. Since no 
effects were noted following three weeks of grazing in these pens, regular 
feeding was then begun, using alfalfa hay in an amount that would be 
cleaned up readily and a small amount of rolled barley. The first feeding 
of grain was at the rate of one-quarter pound per head per day. This 
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was gradually increased over a period of 19 days up to three-quarters of 
a pound of grain per head a day, which is a light feed for fattening lambs. 
During the time of feeding, which covered 48 days, a total of 34 tons of 
hay were fed, averaging 7.6 pounds per head a day, and a total of 512 
pounds of barley. The hay was spread in a thin layer and thoroughly 
sprayed with the materials indicated for each pen. Following the spray 
application, the hay was loosely piled for 48 hours to insure thorough in- 


Fig. 1..-Pen D of experimental field, showing sheep grazing in sprayed half. 


corporation. Evaporation was reduced to a minimum during spraying by 
the use of a hand sprayer held as close as possible to the hay during the 
application. The pyrethrum extract would be affected but slightly as 
only the outside of the pile was exposed. No other feed was available in 
any of the pens during the time of feeding except the barley which, as has 
been indicated, amounted at the most to but three-quarters of a pound 
per day in contrast with 7.6 pounds of hay consumed daily. The amount 
of spray applied to the hay was made as nearly comparable as possible 
to the heavy spraying on the range and amounted to approximately 10 
gallons per acre, so that in the entire time of feeding each sheep con- 
sumed at the very least 50 times as much of the sprayed material as 
could possibly be consumed by a flock feeding over a sprayed area. It 
should also be noted that animals feeding on the range would have op- 
portunity of taking other feeds than the sprayed portions, while the 
confined animals had no such choice except in pen D. A decided prefer- 
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ence for the sprayed portion was noted in this pen as shown by the 
browse. The leaves from the oak sprouts in the sprayed half of the pen 
were completely eaten as high as the sheep could reach before feeding 
started on the unsprayed portion. Water and salt were before the ani- 
mals at all times and care was taken to keep them in as contented condi- 
tion as possible. 

Feeding was concluded November 4, 1933. The average gains in the 
different pens and the check are shown in table 2. Comparison of the 


Table 2.—Sheep feeding chart, showing weights of animals. 





Pen No Av. 
No SHEEP Wercut, Pounps GAIN GAIN 
Sept. 17 Sept.24 Sept. 30 Oct. 14 Nov. 3 


Commercial Leafhopper Spray 


A l 62.75 62.75 66.5 66.25 72 1.25 

\ 3 59.25 61.5 61.5 61.75 64 $.75 6.8 
A 10 58.5 58.5 58.5 61 65 6.5 

Commercial Pyrethrum Extract in Diesel Oi 

B 6 51 54 55 55.75 57.5 6.5 

B 14 70.75 72 73 73.50 72 2.25 10.1 
B 4 55.75 60 63.50 66.75 69.5 13.25 

Laboratory Extract of Pyrethrum Spray, One-half Pound Pyrethrum to 1 G n Diesel Oil 

Cc 5 55.75 59.5 60. 62 638 7.25 

( 12 50 54 58 60 60.5 10.5 9.3 
( 13 73.25 79 79.50 83.25 83.5 10.25 

Choice of Feed Unsprayed or Sprayed as in Pens B 

D 8 51.25 58 59 60 63.5 12.25 

D 2 74.75 75.25 80.25 81.75 85.5 10.75 12.6 
D 9 61.75 62° 61.75 65.75 76.5 14.75 

Check—U nsprayed 

E 1! 55.75 §5.° 58 61. 65.50 9.75 10.8 
E 7 60 60 66 70.50 72 12 





* Escaped and grazed outside of pens. 


averages shows pen D sheep almost 2 pounds heavier than those in the 
check pen, while the sheep in pen B almost paralleled those in the check 
pen and those in pens A and C were slightly below. Such variances might 
be expected in any group of animals under such feeding tests and would 
indicate no particular difference between any of the plots under experi- 
ment. The preference for the sprayed portion of the pens, shown by the 
sheep in pen D, has also been noted in range work and may possibly be 
accounted for by the slight deposit of sulfur from the oil used, which con- 
tained more than 1 per cent of sulfur and also a very slight amount of 
saline matter. 

Tests with rabbits.—A similar feeding test to that with sheep was 
made with rabbits which, on account of more rapid gains, show greater 
differences in weights than were found with sheep. Disease among rabbits 
interfered with the first part of the feeding, after which they were culled 
and a second experiment started on October 1 and continued until No- 
vember 8, 1933. At this time it will be noted that the gains shown for the 
four pens fed with sprayed feed were almost identical with that of cage E 
where untreated feed was fed entirely. 
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Tests with ewes.—Since the first feeding experiments on lambs a few 
months old were conducted, it was realized that these were not com- 
parable to range conditions. On the range, pregnant ewes may feed on 


Table 3.—Rabbit feeding chart, showing weights of animals. 





RABBIT 
No. WEIGHT PouNpDs 
Oct. 1 Oct. 14 Nov. 8 Dec. 2 


Commercial Leafhoppe r Spray 


3 $ ) 
3 $5 f 
Commercial Pyrethrum Extract in Diesel Oil 
3 is | 5.6 
t. a? 6 
Oil and Pyrethrum 
$.7 4.2 5 
3.4 t §.: 
Choice of Feed Unsprayed or Sp 
3 3.9 5 
B.¢ 6 
Check l ns] rayed 
t 


2 


ayed as 
2 
I. 
ee. 
o 


v2 


8 





sprayed plants to such an extent as to injure the lamb crop if the spray 
is detrimental. For the sake of a more exact comparison a second experi- 
ment was run, using four two-year old ewes to a pen and the same num- 


Table 4.—Lamb feeding chart, showing weights of animals. 





LAMB Birtu Birtu 30-Day 
No ATE Weicut Weicnt GAIN 


erci 


Check 2 4 2.5 5 11.6 
Check 7 2 3 5 5 Corrected 
Check x4 2/3 9.5 5 { for threet 
Check 2 ; 25.5 5 10.6 





° I'wins 

t Corrected weight in the check is allowable since lamb 19 was from a H impshire ewe is text explains. 
ber of check ewes, the latter receiving untreated hay only. This 
experiment began December 9, 1938, and continued until March 19, 
1934. The same materials and identical proportions were used as in the 
first experiment, the only change being that the choice pen D was 
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omitted. Also, no grain was fed during any of the experiment, the oniy 
feed being alfalfa and grain hay, with what little green feed was avail- 
able. All lambs were born in a normal condition, one weak twin dying 
in pen A, while one ewe was found to be barren. A second pair of twins 
brought the total of lambs up to 19. Each lamb was weighed following 
birth and again at the end of 32 to 53 days, owing to the irregularity of 
birth dates, table 4. Average weights of the three fed pens, A, B and C, 
were respectively 10.5, 11 and 10.4 pounds, while the check was 11.6 
pounds for four lambs, but as indicated, this should be corrected and the 


Table 5.—Lamb feeding chart, showing weights of animals. 





Lat Days IN Bintru Final Damy A 
EXPERIMENT Weicut Weica GAIN 


nd Pyrethru 


au 


heck 
heck 
heck 

k 


he 





* Twin 


I'wins 


weights of lambs 16 to 18 inclusive considered since lamb 19 was from a 
Hampshire ewe, which is a larger breed with a record of bigger lambs 
than normally occur to the cross of Shropshire and Rambouillet used in 
the three fed pens. With this correction the check pen would average 
10.6 pounds. In table 5 the average daily pen gain per lamb was: Pen C 
.38; pen A .402; pen B .41; check .402 pounds. This proves that all four 
pens, irrespective of the spraying used, are exactly comparable although 
the mother ewes had been fed 81 days on nothing but sprayed hay. 
Discussion.—The data secured in these feeding experiments where 
very great excesses of spray were fed to the sheep in question proved con- 
clusively the harmlessness of the mixture to feeding lambs, pregnant 
ewes and to the lambs born to same. Any spraying done on the range, 
which would be available to grazing stock, would necessarily be reduced 
in volume and toxicity by evaporation of the oil and the breaking down 
of the highly complex compound extracted from the pyrethrum flowers. 
In the feeding experiments there was no opportunity for the animals to 
secure feed other than that which had received a heavy dosage of exactly 
the same material as applied to the range and over a continuous period 
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of 48 to 81 days, thus increasing the amount of residual material con- 
sumed 50 to 100 times. 

There was no tendency to repelling action shown, as was brought out 
distinctly in pen D of the feeding experiments, where choice was given 
of feeding on sprayed and unsprayed grass and browse. In this case pref- 
erence was actually shown for the sprayed portion of the pen, corroborat- 
ing results of similar observations reported in the field. These results are 
such as would be expected from the materials included, as the active 
principle extracted from the pyrethrum flower is repeatedly recom- 
mended for treating the edible portions of vegetables, e.g., see Compton 
(1932), Stone & Wisecup (1931) and Skinner (1931). 

The active principle of pyrethrum is known to break down on ex- 
posure, as is generally recognized by chemists familiar with insecticides, 
and in confirmation of this, experiments were run in the laboratory in 
which it was found that on exposure to sunshine and open air for five 
hours, only 32 per cent of the normal activity to insects remained. Ten- 
minute exposure to sun lamp resulted in a loss of 49 per cent, while ex- 
posure in a darkened room for seven hours resulted in the normal activity 
remaining at 95 per cent. 

The oil used as a carrier has as a base the same qualities as those used 
in medicinal preparations commonly used as bowel lubricants and recom- 
mended freely by the medical profession. The slight amount of unsatu- 
rated hydrocarbons, sulfur or organic acids present would be practically 
harmless even if taken in considerable quantity, and since these latter 
are all largely volatile on exposure to atmospheric conditions, they would 
of necessity largely evaporate within a few hours following application. 
The only possible objection that can be brought against such oils is the 
slight odor which would be present for a few hours following application, 
but in these experiments it was found that this odor could not be de- 
tected on the day following the application.—12-18-36. 
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Winter Mortality of Chinch Bugs 
in lowa 


G. C. Decker and FLoyp Anpre, Towa Agricultural Experiment Station,! Ames 


The chinch bug, Blissus leucopterus Say, is generally regarded as a spe- 
cies fully capable of withstanding the hazards of winter. There seems, 
however, to be little or no quantitative data to support or refute this 
belief. Most of the publications which mention winter mortality treat 


1 Journal paper J-316 of the Entomology and Economic Zoology Section, project 420. 
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the subject with brief generalized statements; detailed observations and 
quantitative data on the subject are sadly wanting. Headlee & McCol- 
loch (1913) made mortality counts in various types of cover during the 
winters of 1910-11 and 1911-12 and presented their findings in two 
tables. They found that in these two years the mortality in different 
types of cover varied between 15.4 and 100 per cent and that during 
the winter of 1910-11 65 per cent of the bugs hibernating in clumps of 
bluestem perished. 

The present paper reports the occurrence of extensive mortality in 
Iowa during the winter of 1934-35 and calls attention to certain mete- 
orological conditions which seem to be closely associated with the mor- 
tality. 

MORTALITY BY COUNTIES 
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Fig. 1.—-Winter mortality of chinch bugs in Iowa, 1934-35. Upper figures show 
average percentage of mortality; lower, number of samples averaged 


In March 1934 more than 100 samples of bunch grass and other types 
of cover were examined in the course of a spring population survey. Un- 
fortunately, great care was not taken to count all the dead bugs; but it 
is doubtful that the winter mortality for that year exceeded 10 or 15 per 
cent. 

On December 17, 1934, while collecting overwintering bugs for some 
laboratory studies, the writers found along a road near Des Moines many 
dead individuals among the bugs which were hibernating in a short thin 
turf of mixed grasses. Five samples of this turf which afforded the bugs 
very little insulation and which was devoid of snow cover on December 11, 
when the temperature dropped to —2° F, were taken to the laboratory 
for examination. It was found that 53, 68, 69, 74 and 81 per cent of the 
bugs in these five samples were dead, while the percentages of dead bugs 
in four good clumps of blue stem, Andropogon furcatus Muhl., taken 
nearby were 0, 1, 2 and 4 respectively. 
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Throughout the remainder of December and early January quantities 
of live bugs were collected from bluestem at frequent intervals but only 
slight attention was paid to the number of dead bugs, which remained 
comparatively low. On February 2 a number of clumps of bluestem which 
were brought into the laboratory yielded comparatively few live bugs; 
a count of the dead and live bugs in six clumps revealed mortalities of 
78, 81, 87, 89, 94 and 97 per cent respectively. These results showed the 
need for investigations in other parts of the state. A hasty survey indi- 
cated an unusually high winter mortality over an extensive area. About 
March 1, when additional winter mortality seemed improbable, it was 
decided that samples from as many parts of the state as possible should 
be examined. Between March 1 and April 5, 253 samples of bunch grass, 
Andropegon spp., collected in 47 counties were examined for dead and 
living bugs. The average percentage of dead bugs and the number of 
samples taken in each county are shown on the map presented as fig. 1 


Table 1.—Climatological data for Iowa. Averages of records from 106 stations. 





Montu lempeerature ‘| INcues PRECIPITATION 
Snowfall Snowfall 
Mean for 62-Yr Min. for Potal for 63-Yr Total for $3-Yr 
Month Ay Month Month Ay Month Ay 
December 1933 27.1 23.9 tT) 1.05 1.19 2.8 5.7 
January 1934 26.9 18.7 4 S33 1.07 4.4 6.7 
February 1934 25 22.5 25 47 1.08 4.1 6.4 
December 1934 21.5 23.9 17 57 1.19 5.5 5.7 
January 1935 20.6 18.7 0) 1.16 1.07 2.9 6.7 
February 1935 29.1 22.5 19 1. 1.08 5.5 6.4 





lhe map shows that the greatest winter mortality occurred in the central 
and southwestern parts of the state and that the percentage of survivors 
was greatest in the southeast. 

Meteorological data.— The winter of 1984-35 was generally mild and 
there were no extremely cold periods. The mean average temperature for 
December, January and February was 1.9° above the 62-year average 
and the precipitation for these three months was only .46 of an inch be- 
low the 62-year average, table 1. Average temperature for the three win- 
ter months was only 2.6° colder than the same three months of the pre- 
ceding year (1933-34) and in both winters the minimum temperature 
recorded in the state was — 30° F. Minimum temperatures recorded, and 
mean monthly temperatures, therefore, do not seem to be closely cor- 
related with chinch bug winter mortality. 

Laboratory studies of the effect of low temperatures on overwintering 
chineh bugs (Decker & Andre 1936) showed that the bugs are not par- 
ticularly resistant to low temperatures. 

The results of these investigations suggested that the insulation af- 
forded by snow and debris in which the bugs hibernate protected them 
from exposure to extremely low temperatures. 

Since frequent collections from the field showed that most of the bugs 
were killed between January 15 and February 2, the weather records for 
this period were studied closely to determine whether or not some spe- 
cifie condition might be associated with the high mortality observed. It 
was found that minimum temperatures varying between —8 and —23° F 
were recorded throughout the infested area. Since these temperatures 
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were not unusual for Iowa and since there seemed to be no relationship 
between the minimum temperature recorded and the percentage of mor- 
tality in any given county, it seemed apparent that low temperature 
alone was not responsible for the death of the insects. 

The most extended cold wave and lowest temperature of the year oc- 
curred during the period under observation. Most of the stations re- 
ported subzero temperatures on four to six successive days. This 
condition, however, extended over all of the infested area and could 
not, therefore, account for the variations in the mortality occurring in 
the various counties. 
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Fig. 2. Total precipitation, January 19, 1935. 


Precipitation for January was one of the factors which showed con- 
siderable variations; that is, the amount of rain and snow varied accord- 
ing to localities. A heavy rain and sleet storm, accompanied by thunder 
and lightning, passed over much of the area on January 19, and a rapid 
drop in temperature resulted in the formation of an extensive ice sheet 
over much of the state. When the precipitation for January 19, reported 
by the weather bureau stations throughout the state, was mapped, fig. 2, 
it was found that the area of greatest rainfall (more than 1 inch) coin- 
cided with the area of greatest mortality (more than 80 per cent). In 
Cedar county an isolated area of high precipitation (.6 inch) showed a 
mortality considerably higher than that in adjoining counties. In general 
all of the area which received more than .5 inch of rainfall during this 
storm showed a very high chinch bug mortality. In areas of lighter pre- 
cipitation the relationship of the chinch bug mortality to precipitation 
was not so significant. This was undoubtedly partly because much of the 
moisture in these areas came in the form of snow and partly because the 
effect on the bugs was overshadowed by other factors. 

Snow cover.—When the depth of accumulated snow on the ground 
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January 19-25), as reported by the weather bureau stations, was map- 
ped, fig. 3, and this map was compared with the one showing the insect 
mortality, the relationship existing between the snow cover and mor- 
tality became very evident. In the southwest quarter of the state, where 
the snow cover was practically negligible, the mortality was very high, 
whereas in the extreme east portion of the state where the snow ranged 
from 1 to 3 inches in depth (this implies drifts of greater depth in fence 
rows, hedges, etc.) the mortality was much lower. Between these two 
regions lay an area with intermediate snow cover where the mortality 
was moderate. The apparent influence of the snow cover is also shown 


SS 





Fig. 3..-Average depth of accumulated snow, January 19-25, 1935. 


in a number of isolated cases. In western Mills and Pottawattamie coun- 
ties, where there was a moderate snow blanket, four samples of bunch 
grass revealed low mortalities which were completely out of line with the 
findings in other parts of the same counties. In Shelby county a small 
amount of snow was reflected in a slight reduction in mortality. In 
Benton county, where the snow cover was greater than in the counties 
on the east and on the west, the mortality was correspondingly lower; 
whereas, in nearby Grundy county the light snow cover was accom- 
panied by a higher mortality. 

The high mortality found in Marshall, Jasper, Tama, Poweshiek, 
Benton, Iowa, Linn, Johnson and Jones counties was not completely 
accounted for either in the absence of snow cover or in the rain storm of 
January 19. Another search of the weather records revealed that on 
January 16 a thunderstorm similar to that of January 19 had centered 
over this area. | 

Additional evidence that a good snow cover is an important factor in 
protecting overwintering bugs from exposure to low temperature was 
secured by determining in five counties the percentage of mortality of 
chinch bugs in clumps of blue stem with and without a snow cover, 
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table 2. In Clinton county, where there was a moderate blanket of snow 
during the cold wave, the average mortality was only 20 per cent; how- 
ever, five clumps of grass in an exposed location, largely free of snow, 
yielded samples of chinch bugs which showed an average mortality of 
88 per cent. In Story county the heavy rain (1.54 inch) greatly reduced 
the effect of the snow cover, probably by changing it to ice and thus 
reducing its insulating value. 

It was observed that samples of grass from locations where hedges, 
shrubs, vine-covered fences or woods normally produce snow drifts 
nearly always produced more live bugs than similar samples taken in 
open or exposed situations. In many counties where the winter mortality 
was greatest it was found that the infestation in the small grain was 
largely confined to fields adjacent to hedges or timbered areas which 

Table 2.—Influence of snow cover on winter mortality of chinch bugs overwinter- 
ing in clumps of bluestem. 





COUNTY Goop Snow Cover No Snow Cover 
No Av. No. Av. 


Samples Mortality Samples Mortality 
I : I 


Clinton f 88 
Polk 3 91 
Story : 92 
Hardin 96 
Linn 86 





might be regarded as reflecting the effect of the accumulation of snow in 
such places. 

Floods.—Observations on the possible effect of flood waters on over- 
wintering bugs were very limited. In two instances live and dead bugs 
were found floating on the surface of back water which had covered an 
area known to contain many overwintering adults, but the ultimate fate 
of these bugs was not ascertained. On March 11 a quantity of corn stalks 
and other debris deposited in a fence row by flood waters was found 
literally “alive” with bugs. On March 28, as the flood waters of the 
Wapsipinicon river were receding, several clumps of bunch grass and 
two mullein plants, which were known to have been under water for 
more than two weeks, were examined and in all cases a large percentage 
of the bugs were alive. 

Influence of types of cover on survival.—Because of the extreme 
drought of the summer of 1934 all types of vegetation made very poor 
growth and it is therefore probable that the insulating value of all types 
of winter cover was far below normal. 

Within any given community the survival of bugs in bluestem and 
other bunch-forming grasses seemed to be in direct proportion to the 
density and quantity of cover. In many cases the bugs attempted to pass 
the winter in very sparse clumps where they were practically exposed to 
the elements. In such locations many of the bugs were killed by the first 
subzero weather early in December. 

The mortality of bugs which hibernated in Sporobolus spp. was in- 
variably greater than that in nearby clumps of Andropogon spp. This 
may have resulted from the habit of growth of the former, which forms 
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small compact clumps so dense at the crown that many of the bugs are 
suspended an inch or more above the ground surface, where they lose 
the benefit of the higher soil temperature. It is also possible that such 
clumps become dry and some mortality may have resulted from dehydra- 
tion. 

In the area where the rainfall of January 19 was heaviest and the 
resulting ice sheet was most extensive, the percentage of survivors 
seemed to be greatest in trash, under mullein plants and under leaves. 
[t appeared that the penetration of the water into such cover was slight 
and as a result many air pockets remained. These samples seemed to in- 
dicate that bugs were better protected in dense blue grass or grass and 
eae 3.—Temperatures recorded at the surface of the ground under various types 
of cover. 





Arr 
Temp. 
DAtr F Types or Cover 

Under Matted One-half 

+ In. Blue- In. of Bluestem Corn- 

Snow grass Trash Crown stalks* 
January 19 17.5 30. 27. 27. 32. 17.5 
January 20 t 28. 16 14 27. -4, 
January 21 8 25. 14 1] 23. —8, 
January 22 10 21 16 I4 21. 10. 
January 23 15. 17.5 11 10 17.5 13. 
January 24 17.5 17.5 16 16 17.5 17.5 
January 25 30 21 23 23 23. 30 





* Temperature between leaf sheath and main stalk of a standing corn plant 


leaves than they were in bunch grass, but since the miscellaneous samples 
were usually taken in fence rows, hedges or woodlands, it is probable that 
snow cover afforded them considerable increased protection. 

All bugs observed which had attempted to hibernate in standing corn 
stalks and hollow weed stalks perished during the winter. However, a 
good many live bugs were found in corn shocks and a few were found in 
corn stalks and weed stems that had been covered with snow. 

To obtain some idea of the insulating value of snow and grass, long- 
stemmed thermometers were placed at the ground surface under some 
of the various types of cover. The temperatures observed during the cold 
period of January 19 to 25 are given in table 3. 

Conclusions.— During the winter of 1934-35, an unusually high win- 
ter mortality reduced the chinch bug population over a wide area in 
central and southwestern Lowa. Heavy rains immediately preceding the 
most severe cold wave of the winter and an absence of snow cover during 
this period appeared to have had an important influence on mortality. 
The reduced amount of insulation afforded by various types of cover was 
also an important factor. 

The probability of a reoccurrence of such extensive winter mortality 
is a matter of speculation, and although the mortalities herein reported 
are (and probably should be) considered unusually large, it now seems 
possible if not probable that the average annual winter mortality of the 
chinech bug has been somewhat underestimated.—7-19-37 
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Method of Obtaining an Index to 
Density of Field Populations of 
Citrus Red Mite 


LAURENCE S. Jones and Davin T. Prenperaast,! University of California Graduate 
Nechool of Tropt u lore ulture and Citrus } rperime nt Station, R erside 


The citrus red mite, Paratetranychus citri McGregor, is one of the ma 
jor pests of citrus throughout the greater portion of southern California, 
and is subject to wide and rapid fluctuations in population density. A 
field ecological study has been undertaken in an attempt to correlate 
these fluctuations with certain climatic factors and with the presence of 
arthropodan enemies. The work is restricted to a consideration of these 
species on lemon and orange trees. 

The first consideration in the study was the development of an ac- 
curate method of measuring the density of mite populations. Methods 
based on estimation of populations were found to be unsatisfactory, since 
estimates of the numbers of mites and eggs on individual leaves, termi- 
nals or fruits were found to vary greatly from the numbers actually 
present. Counts of the populations present on unit areas of a given num- 
ber of leaves or fruits proved equally unreliable for this species; such 
trials included the examination of halves of leaves, and counts made upon 
units of 1 and 2 square inches of plant surface. A prohibitively large 
amount of time would have been required to count all of the mites and 
eggs on a number of leaves and fruits sufficiently large to represent an 
adequate sample from a tree. It was necessary, therefore, to devise a less 
laborious and more accurate method of obtaining an index to the popula- 
tion densities of the mites. 

The method which was developed and finally adopted involved the re- 
moval of the mites and eggs from a sample of leaves and fruits from a 
tree, and the counting of standardized portions of that population. 
Through the use of this method corresponding fractions of the popu- 
lations of some of the predacious enemies of the mites could also be 
recorded. 

Method of sampling individual trees.—The citrus red mite feeds upon 
both the upper and lower surfaces of the foliage and upon fruits. On 
lemon trees fruits are always available, and are sometimes present on 
orange trees throughout the year. In this particular study both leaves 


1 It is not intended that the authors be considered as junior and senior in the conventional sense; the work 
was jointly planned and performed. Many suggestions were given by Professor Harry 5. Smith and Dr. A. M 


Boyce, under whose direction the study was conducted 
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and infested fruits, when the latter could be obtained, were included in 
the sample. Separate counts were made of the populations present on 
the north and south sides of trees to distinguish the possible differences 
in conditions influencing the development of mites during different sea- 
sons of the year. 

After numerous trials 50 leaves and three fruits were found to con- 
stitute an adequate sample from one side of a tree. From trees on which 
fruits were not available or not infested, samples consisting only of leaves 
were equally satisfactory. For the purpose of sampling, a tree was con- 
sidered to represent a cylinder. The sample from one side was chosen 





Fig. 1..-Equipment used in handling samples. A, rubber stamp for marking guide 
lines on filter papers; B, marked filter papers; C, Beuchner funnel and flask; D, sample 
ars; EF, beaker containing leaves and fruits of a sample and potassium hydroxide 
solution 


from that region represented by one-half of the cylinder when cut verti- 
cally through the longitudinal axis. The leaves were picked at random 
from 1 to 6 feet above the ground, and an attempt was made to collect 
leaves in the same proportions from different parts of the specified region. 
When present, the three fruits from one-half of a tree were taken from 
near the periphery at fairly definite compass points. On a north half these 
would be northwest, north and northeast. Each fruit selected was the one 
which, after brief examination, appeared to be the most heavily infested 
at that station. Thus the leaves were collected at random, and the fruits 
selected on the basis of personal judgment. A random sample of fruits 
was not possible because of the comparatively small numbers present on 
the trees. Three fruits were therefore taken to represent the maximum 
number which could be taken from a tree at a given time. The leaves and 
fruits from one side of a tree were placed in a 2-quart, wide-mouthed 
Mason jar containing 800 cc. of a 5 per cent formalin solution, and were 
stored for as long a time as was desired before the mites were counted. 
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Method of counting samples.—In the laboratory the leaves and fruits 
of one sample were removed from the formalin solution by means of long- 
handled specimen forceps and placed in a 4000 cc. Pyrex beaker contain- 
ing 800 cc. of a .25 per cent solution of potassium hydroxide heated to 
near the boiling point. This treatment was necessary to remove the eggs 
which are firmly attached to the plant surface. The hot solution of potas- 
sium hydroxide apparently does not noticeably damage the mites and 
eggs, which were washed from the leaves by gentle agitation. The leaves 
and fruits were kept in this solution for five minutes, during which time 











Fig. 2.—-Apparatus for agitating fluid medium containing mites. A, assembly for 
regulating vacuum which filled pipette. Rubber tubing connects a vacuum line with 
the bottle; a second tube leads from the bottle to the pipette. Projecting from the 
bottom is a length of open glass tubing, the closing of which applies vacuum to the 
pipette. B, pipette. C, churn. D, reducing gears; gears of an emery wheel were utilized 


the mass was agitated frequently. Finally each individual leaf and fruit 
was raised slightly above the surface of the liquid and shaken vigorously 
to remove as much of the adhering fluid as possible, and then discarded, 


fig. 1. 

After the removal of the plant material the potassium hydroxide solu- 
tion and the formalin in the sample jar were poured into the 2-quart jar 
of a Dazey churn. Sufficient water was then added, if necessary, to bring 
the total volume to 1600 cc. The agitator assembly, equipped with a 
four-bladed paddle, was attached to the churn, which was placed in the 
apparatus illustrated in fig. 2. The motive power was supplied by a one- 
tenth h.p. electric motor connected by belt to reducing gears, which were 
in turn connected with the agitator pulley. Such a high-speed motor con- 
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nected with reducing gears was found necessary to reduce to a minimum 
the effect of fluctuations in electric energy. This apparatus when set into 
motion turned the agitator shaft in the churn at the constant rate of 
150 r.p.m. Sufficient agitation was thus produced to maintain the mites 
and eggs in a relatively uniform suspension throughout the medium. 
\fter thorough agitation, and with the agitator turning , a 200 cc. aliquot 
was drawn from the mixture by means of a pipette connected with a 
vacuum line available in the laboratory. The aliquot, one-eighth of the 
whole, was filtered through a Whatman No. 2 filter paper in a Beuchner 
funnel. The mites and eggs were deposited on the filter paper, which had 
previously been stamped with a series of parallel lines one-fourth inch 
apart by means of a rubber stamp and indelible ink. The filter paper was 
then placed on a damp paper towel to prevent desiccation, and the mites, 

Table 1.—Total variation in numbers of individuals between the eight 200 cc. 
aliquots drawn from the same 1600 cc. sample. 








No 
SaMPLeE ALIQquoTs Mires Eaas lotat Mires anp Eaas 
Probable Probable Probable 
Probable Error in Probable Error in Probable Error in 
Error of Per Cent Error of Per Cent Error of Per Cent 
Mean Mean+* of Meant Mean Mean * of Meant Mean Mean+* of Meant 
l sS 70 1.71 2.45 108 +. 36 $. 27 173 +.4 2.54 
2 s 6s 2.45 3.51 134 1.75 l 202 2.02 l 
; s $00 S84 oan 6389 8.36 1.31 1138 4.33 is 
t % 26 7.57 > 32 6 69 1.66 788 9.04 1.26 
5 . 49 9 1.85 SO 1.88 2.35 129 2.01 1.55 
6 7 21 96 5. 57 ; 73 2.2 53 1.05 1.96 
- 8 2 79 3 61 33 9 Ol 55 1.6 2.9 
_ s iG SI 2.25 +4 66 1 ? SO 71 So 
frer heat 7 ‘ 
*In each of these tests the number of aliquots taken was small so that the formula 
xd 
PE .m 6745 
j 
s used for the caleulation of the probable errors of the means. (Where Sd?=the sum of the squares of the 
itions of each count from the mean; » number of counts; and the mean 
t PE 


eggs and arthropodan enemies present were counted with the aid of a 
low-power binocular microscope. The guide lines facilitated the counting 
of the mites on the paper. As the mites and eggs are unevenly distributed 
over the surface of the filter paper, the whole area must be examined to 
obtain accurate results, fig. 1. 

Accuracy of method of counting samples.—In determining that the 
number of mites and eggs in a 200 ce. aliquot drawn from a 1600 ce. 
sample approximates one-eighth of the total population in that whole, the 
total agitated sample was drawn off in 200 cc. aliquots, and the various 
stages of mites in each were counted. This was repeated for eight differ- 
ent samples. The results are summarized in table 1. 

The probable errors expressed in the per cent of the mean number of 
mites, of eggs, or of the total mites plus eggs of all the samples, each con- 
sisting of eight 200 ce. aliquots, range from 1 to 5.57 per cent with an 
average value of 1.56 per cent for the entire experiment. This value of 
1.56 per cent is sufficiently small so that aliquots within samples may be 
considered homogeneous, that is, they probably vary no more than would 
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be expected in random sampling. Therefore within the limits of sampling 
variation a 200 cc. aliquot gives a reliable index to the total population 
of a sample. It may also be concluded from the variability of the data 
that the method and technique are adequate. 

Accuracy of method of sampling trees.—Field samples consisting of 
50 leaves and three fruits taken from both north and south sides of a 
tree appear to furnish a reliable index to the density of the mite popula 
tion present on the tree. When the fruits are lacking or are not infested, 
the sample consisting of only 50 leaves also is satisfactory. The fact that 
by either method a single tree may be sampled two and four times with 


Table 2.—Summary of tests of two methods of sampling trees, showing corre- 
spondence of samples taken from same trees. Four samples taken from one tree in 


each test. 





Type Tree, 
Pata Heicut Mires 
Probable 
Probable Error in Probable 
Error of Per Cent Error of 
Mean Mean+ ofMean* Mean Mean 


Fifty Leaves Selected at Rand 
Orange, 10 ft 158 240 10.28 
Orange, 10 ft is MO 4.47 
Orange, 10 ft : 5 47 87 
Orange, 10 ft 29 73 
Lemon, 20 ft 
Lemon, 20 ft 
Lemon, 20 ft. 


f pr 
t 


267 8.15 
187 5 
163 5.16 


Fifty Leaves Selected at Random plus Three Most 
198 5.14 
189 12.21 
164 8.08 
162 5.32 


Lemon, 12 ft. 
Lemon, 12 ft 
Lemon, 12 ft. 
Lemon, 12 ft 
Lemon, 12 ft 





m 


closely corresponding results suggests that both are valid. That this i 
possible was demonstrated by the series of trials, the results of whic 
are summarized in tables 2 and 3. 

In table 2 are tabulated the data which show the degree to which four 
samples taken from one tree correspond when collected according to one 
method. Four samples represent the maximum number which can be 
taken from a tree during trials of this kind without removing all th 
fruits with maximum infestations of mites. 

Table 3 shows the correspondence of two samples from one tree. Sta 
tistical treatment of the data secured from these samples is probably of 
little value and therefore is not used. 

One side of a tree was sampled in each test. This is logical, since one 
half of a tree is the unit considered in the regular course of evaluating 
mite populations. The counts recorded in tables 2 and 3 were secured by 
counting one aliquot from each sample as previously described. As such 
they represent approximately one-eighth of the total populations of the 
samples and serve as indices to the populations present on the sides of 


the trees sampled. 
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The probable error of the mean number of either mites or eggs or the 
total mites and eggs in four samples from one side of a tree does not ex- 
ceed 9.96 per cent of that mean. This suggests the possibility of using 
this type of sample to secure an index to population densities. 

In this investigation, observations in each orchard were confined to a 
me-acre plot. Within the plot 10 trees in each of two series were selected. 
lhe trees of one series were selected to correspond in size and type and 
in the density of mite populations present to those of the other series. 


Table 3.—Summary of two methods of sampling trees, showing correspondence 
of samples taken from same trees. Two samples taken from one tree in each test. 





Tyrer or Tret 
TRIAL Nb Heigut POPULATION IN Each SAMPLE 
Mites Eggs Total 


Fifty Lea es Selected at Random 
Lemon, 20 ft. 505 639 


54S 855 


Lemon, 20 ft. ‘ 420 
$48 


Orange, 10 ft. j 131 


106 


Fifty Leaves Selected at Randon plus r os avily Infested Fru 
l Lemon, 2 ft. c 530 


541 


Lemon, 12 f 37 8380 


393 


Lemon, 12 ft. 2 161 
137 


Lemon, 2 ft. 164 


Lemon, 12 f 1138 202 
137 168 





Samples were taken from the 10 trees of one series at two-week intervals; 
the two series were sampled alternately. Thus, none of the trees were 
disturbed oftener than once in four weeks. 

Method of obtaining indices to densities of populations of arthropodan 
enemies.—An evaluation of the population densities of the species of 
arachnids and insects predacious upon the red mite was an important 
aspect of this work. Records of the numbers of these which were asso- 
ciated with the red mites on the leaves and fruits collected as samples 
were obtained in the same manner as for the hosts. The larvae, nymphs 
and adults of the smaller predacious mites, together with the eggs, larvae 
and occasional adults of the insect enemies, were deposited on the filter 
papers and readily counted. 

The adult insect predators which were capable of rapid movement 
were not adequately evaluated by such counts; nor was it possible to 
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secure reliable records of any stage of a species when but a few individ 
uals were present. Therefore, supplementary records of natural enemies 
on the sampled trees were made by the use of an especially designed 
beating cage. The cage was box-shaped and measured 21 X 17 X 17 inches. 
It was constructed with a frame of three-fourths inch duraluminum tub 
ing and covered, except for one end, with white muslin cloth. With the 
cage held in one hand, as many terminals or branches as would enter th« 
17-inch square opening were thrust into it and shaken. Most of the preda- 
tors on the enclosed branches fell to the bottom of the cage or against its 
sides. After the cage had been removed from the terminals the enemies 
were classified and counted; the larger predacious mites, adult insects 
and some insect larvae were readily discernible against the white sides 
and bottom. After each sample was taken the predators were shaken out 
of the cage, or if they clung to its sides they were picked up in capsules. 
An effort was made to return these to the tree from which they were 
removed. Three separate samples of this kind were made on both the 
north and south halves of each tree. The cage was used after the leaf 
and fruit sample had been collected. 

Summary.— An accurate and relatively rapid method of obtaining an 
index to populations of the citrus red mite, Paratetranychus citri McG., 
on citrus trees is practicable. This method involves the random collection 
of 50 leaves from each half of a tree and, when present, the selection of 
three heavily infested fruits from three relatively constant positions. The 
samples are placed in a 5 per cent formalin solution immediately after 
picking. 

The samples are brought into the laboratory where the eggs are re- 
moved from the leaves by a hot solution of potassium hydroxide, and 
the solutions containing the mites and eggs combined in a Dazey churn. 
During uniform agitation a 200 ce. aliquot is removed and filtered. The 
mites and eggs thus secured, which represent one-eighth of the total 
mites and eggs present in the sample, are then counted with a low-power 
microscope.—5-24-37. 


Flight Range and Longevity of Flood- 
water Mosquitoes in the Lower 
Columbia River Valley 


H. H. Stace, C. M. Gsuciiw and W. W. Yates, U. S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


The distance over which mosquitoes will fly and the length of their 
life span both have an important bearing on their control. It has been 
reasonably well established that certain species travel as far as 60 or 70 
miles and that other species remain within a few hundred yards, or even 
a few hundred feet, of where they emerged from their aquatic life. In 
the course of research on the biology and control of the flood-water 
mosquitoes Aedes verans Meig. and A. aldrichi Dyar & Knab in the 
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lower Columbia river valley, the writers have collected considerable data 

garding their flight range and life span. 

op he breeding habits of these mosquitoes are such that it is a compara- 
tively simple matter to determine when and where the seasonal brood 
may be expected. The eggs are deposited on the ground in the summer, 
where they remain until the floods of the following spring bring about 
hatching. The date of hatching can be predicted f: rirly reliably from daily 
weather. reports, because it follows the flood crests by about a week or 
10 days. The earliest date recorded for the spring flood crest is May 9, 
the latest July 4. The greatest recorded crest height is 33 feet, and the 
lowest 9.7 feet. As many as four definite crests have been recorded during 
a season. Each crest, of course, covers a different level and causes eggs 











Fig. 1.—Diagram of composite profile of Columbia river bank from Hood river 
to the sea, showing relative altitudes of breeding grounds of the two flood-water 
mosquito species common in this locality. 


deposited there to hatch, fig. 1. The swarms are large and usually occur 
in willow swales scattered through thousands of acres along the Columbia 
river from the Cascade mountains to the sea, a distance of some 140 
miles. Mosquitoes of these species breed in similar situations along the 
Willamette river from Portland to the point of its union with the Colum- 
hia, near the mouths of several other tributaries to the Columbia, and on 
the islands in these rivers that are flooded by the annual freshets. 
es range.—Since the breeding limits of Aedes verans and A. aldrichi 
e fairly well defined in this locality, the minimum range, at least, of 
any adult found outside the bree ding grounds can be dete mined. Sample 
collections and observations have been made over seven seasons, and 
definite data have been obtained by staining and recovering adults for 
five seasons. 

The most satisfactory stain was a 1.5 per cent aqueous solution of 
methylene blue or eosine. It was ae with a hand compressed-air 
sprayer to newly emerged but hardened adults as they were resting in 
vrass and nettles. As the operator walked through the vegetation, great 
swarms of the adults would slowly rise and many would receive droplets 
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of the stain. Of 1055 insects captured by two or three strokes of a sweep- 
ing net immediately after use of the sprayer, as high as 14.6 per cent had 
been stained. Hundreds of thousands must have been treated with each 
20 gallons of spray, which was sufficient for about an acre of ground. 
Staining was done from the last of May to the middle of June, usually 
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Fig. 2..-Breeding areas and approximate flight range of Aedes aldrichi and A, 


rerans in lower Columbia river valley. 

several days after the passing of the annual flood crest of the Columbia 

river, on areas in Multnomah county, Ore., and in Clark county, Wash. 

Adults were collected throughout the treated areas at regular intervals 

thereafter until September or October, when no more could be found. 
Table 1.—Number of adult flood- Table 2.—Dates and heights of flood 


water mosquitoes captured, and number __ crests and greatest ages observed to be 
positive for stain. attained by flood-water mosquitoes. 





CaptTurep ApULTs GREATEST 


ADULTS Positivt DATE OF Heicn1 AGF 
CAPTURED FOR STAIN FLoop or Crest, Osservep, 
Yrar CREST Feet Days 
3. 530 : 
+. 5838 H 19380 June 15 11.1 
7,813 93 1931 May 20 10 
5,746 1982 May 25 
9.598 2 19338 June ; 

" Try 1934 May 9 
1935 June 11 
1986 June 11 


, 








The adults were tested by killing them and treating each with one or 
two drops of a solvent made of 3 parts glycerin, 3 parts 95 per cent al- 
cohol, and 1 part chloroform. 

The number of adults captured and the number of captured adults 
showing traces of stain are shown in table 1. 

From the individuals positive for stain the following facts were deter- 
mined: 





December 19387 STAGE, ET AL. FLOOD-WATER MOSQUITOES 943 


(1) Both species and both sexes were dispersed in all directions, both 
with and against general wind currents, for a distance of about 2 miles. 

(2) Males moved away from the breeding areas more slowly than fe- 
males. 

(3) Females of both species traveled one-half mile across part of the 
Columbia river within 24 hours after being stained. 

(4) Two Aedes aldrichi females crossed the Columbia river, Hayden 
island, and Oregon slough, a distance of about 3 miles, within 17 days. 

(5) Six Aedes aldrichi females were taken nearly 5 miles from the point 
of staining, having crossed both the Columbia and the Willamette rivers. 
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Fig. 3.—Abundance of Aedes aldrichi and of A. vrerans in Multnomah county, 


Ore., in the five high-flood-crest years, 1982 to 1936 


(6) One Aedes verans female was recovered 46 days after being stained, 
3 miles distant and across the Columbia river. 

7) One Aedes sp. male was taken 24 days after being stained at a 
point 5 miles distant. This was the greatest distance for any positive 
flight record obtained. 

Flight-range data obtained through staining tests were supplemented 
through collections and observations made at greater distances from the 
breeding grounds. For example, collections were made along a canyon 
road through a heavily timbered section south of Clatskanie, Ore., to a 
distance of 25 to 30 miles from the breeding grounds on the banks of the 
Columbia river. The pest was abundant to a distance of 15 miles from 
the breeding grounds, and then diminished rapidly until at about 30 
miles a 10-minute collection yielded but one female. In the canyon of 
the Sandy river, near the mouth of which they breed in large numbers, 
these flood-water species constitute a real pest at a Y. M. C. A. camp 8 
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miles upstream. They have been taken in numbers at Boring, at least 
10 miles from the nearest breeding area. At Wahkeena Falls, Ore., mos- 
quitoes hatched on areas adjacent to the foot of the falls have been 
observed a few days later several hundred feet up the sides of an ex- 
ceedingly steep canyon. The flight range as determined from these data 
is shown in fig. 2. 

So far as the available data show, there is no great difference between 
the flight ranges of the two species discussed. As might have been ex- 
pected, size of the brood directly influences the distance but not the 
rate of travel. Height of flood crest directly influences flight range, since 
the radius of dispersion is more or less proportional to the number of 
mosquitoes produced. In other words, the greater the flood the greater 
the radius of dispersion. 
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Fig. 4.—Abundance of Aedes aldrichi and of A. verans in Multnomah county, 


Ore., in the low-flood-crest years, 1930 and 1931. 


Longevity.—The staining tests produced the following data on lon- 
gevity: 

(1) Six Aedes aldrichi females were taken 52 days after being stained. 

(2) One Aedes sp. male was taken 24 days after being stained. 

(3) One Aedes aldrichi female was taken 85 days after being stained. 

(4) One Aedes verans female was taken 55 days after being stained. 

(5) The average longevity of males is considerably less than that of 
females. 

Since the beginning of the larval cycle of the two species under dis- 
cussion corresponds closely with the dates of river floods, it was safe to 
use these dates as a basis for determining longevity. Emergence was as- 
sumed to be complete 10 days after the last crest of the annual freshet, 
and the period between that time and the time when the specimen was 
taken in the field was considered as the minimum duration of adult life. 
These data appear in table 2. 

It appears that longevity may depend directly on the time of flood 
crest. There is no evidence, however, that the individuals hatched in May 
live longer than those hatched late in June. 

Climate conditions in the breeding area probably exert the greatest 
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influence on life span. In the vicinity of Wahkeena Falls, for example, an 
Aedes aldrichi male 94 days old was found and females of both species 
were collected 104 to (rarely) 113 days after the final dates of emergence 
in middle and late June. These 86.2% 
were the longest life spans re- = 
corded. Climatic and geographic 
factors in that vicinity were es- 
pecially favorable. Mountains ris- 
ing 3000 feet immediately on the 
south, the Columbia river and 
the high hills of its Washington 
shore on the north, and relatively 
narrow necks of land at the east- 
ern and western extremities of the —Z Z 
breeding area no doubt reduced 

*.* . . AVERAGE FLOOD CREST AVERAGE FLOOD CREST 
the opportunities for dispersion 10.8 FEET 19.7 reer 
and for long movements of flight. 
The temperature and humidity 
are also more favorable in this Fig. 5.—-Relative abundance of Aedes 
part of the Columbia gorge than aldrichi and_of A. verans in Multnomah 
in other parts of the district. Sev- county, Ore., in years of low and of high 
eral waterfalls. considerable seep- flood crest within the period 1930-36. 
age and much water surface keep the humidity high, and since the area 
is protected by prominent points, its wind currents are gentle. 

It should be mentioned that these long-lived individuals were taken 
in seasons of favorable weather during September and early October. 
After that, severe weather conditions always kill the remaining stragglers. 

The available data on the abundance of the two species in Multnomah 
county, Ore., are given in figs. 3, 4 and 5. In 1930 and 1931, when the 
flood crest was low (averaging 10.5 feet), 73.4 per cent of the mos- 
quitoes were Aedes verans and 26.6 per cent were A. aldrichi, whereas 
in 1932 to 1936, inclusive, when the flood crest was high (averaging 19.7 
feet), A. aldrichi constituted 86.2 per cent of the total number of mos- 
quitoes collected and A. verans 13.8 per cent. Evidently the greater 
number of A. aldrichi die late in July or in August, whereas the greater 
number of A. rerans survive until September. It appears also that A. 
rerans has the greater maximum longevity by approximately 15 to 20 


. » on en 
days.—5-27-37. 
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Wintering Bees in Minnesota 


M. C. Tanquary, Minnesota Agricultural Experiment Station, St. Paul 


In all our nothern states beekeepers have long recognized wintering 
as one of their most serious problems. Reports from individual bee- 
keepers of winter loss vary almost every year from nothing to 100 per 
cent loss, the average varying considerably with the year. It is true that 
many of the better beekeepers have developed methods of wintering 


! Paper of the scientific journal series of the Minnesota Agricultural Experiment Station 
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which have cut down their winter losses, and in some cases almost elimi 
nated them, but the average annual loss is still very high, so high indeed 
that it is not uncommon to hear of beekeepers who kill all their bees at 
the end of each season and replace them each spring with package bees. 

The methods of wintering used by different beekeepers vary consider- 
ably, and each variation has its advocates, who believe that by the use 
of their particular method a high degree of success may be expected and 
who can show by a record of successful wintering over a period of years 
good reason for their belief. 

For a good many years the fundamental principles of bee behavior 
upon which any method of wintering must be based to be successful 
have been studied by federal and state experiment stations, and the re 
sults given to the public through bulletins and bee journals and by means 
of college teaching, short courses and extension work. 


Table 1.—Results from questionnaire sent to 500 Minnesota beekeepers. 





No No Per PackaGes COMPARED WITH Ov ERWINTERED 
Mertrnovor Ber- No Covontes CENT COLONIES 
WINTERING KEEPERS COLONIES Lost Loss Reporting approximately equal in value 
— Reporting overwintered better 

Cellar only 42 5360 9 9.5 No report from the rest 
Outdooronly 26 2680 278 10.4 Does rt Pay to Kitt Covontes ty THe Faw? 
Cellar and 14 C. 2325 346 14.9 Reporting yes 

outdoor (). 1209 18+ 15.2 Reporting no 
In shed 2 93 5 5.4 Undecided 
Killed out 3 No report from the rest 





It seems desirable at this time to get some check on the extent to which 
this knowledge is being applied by the beekeepers and to learn of the suc- 
cess or failure of different methods as they are being used. ‘To accomplish 
this a questionnaire was sent out in the spring of 1936 to about 500 bee- 
keepers in Minnesota, asking, among other things, for information on: 
(1) number of colonies, (2) method of wintering, (3) dates of placing in 
cellar and of decellaring, (4) number of colonies packed outside, (5) ar- 
rangement of colonies and method of packing, (6) per cent of loss, 
(7) probable reason for loss, (8) preference between cellar wintering 
and outdoor wintering, (9) opinion as to desirability of killing out in fall, 
(10) comparison between package bees and overwintered colonies. 

Some of the results of the questionnaire are summarized in table 1. 

Of the 42 who winter in cellars, all prefer that method except one who 
prefers outdoor wintering and one who merely stated that he had had no 
experience in outdoor wintering. 

Of the 26 who packed their bees outside, all prefer that method except 
two who would prefer cellars if good ones were available at the yards. 

Of the 14 who wintered part of their colonies in the cellar and part out 
of doors, seven preferred the cellar and seven outside. 

Both beekeepers who wintered in sheds prefer that method. One win- 
tered 35 with a loss of three, and one 58 with a loss of two, all losses re- 
ported being due to starvation. 

In answer to the question “Does it pay to kill the bees at the end of 
the honey flow?” five believe that it would, 14 think it would not, 11 are 
undecided, and the others gave no report. 

As causes of death were given starvation, freezing, dysentery, queen- 
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lessness, poor quality stores, lack of adequate preparation of colonies in 
late summer, or a combination of two or more of the above factors. 

The materials used for insulation include snow, woed cases, balsam 
wool, tar or asphalt paper alone, or in combination with one of the fol- 
lowing: planer shavings, flax straw, grain straw, cellotex. 

Some packed single colonies, some in twos, some in fours, and some 
in eights, the most common arrangement being in groups of two. Some 
reduced the colonies to one story, some to a story and a half, and some 
left two full stories. Some beekeepers used top entrances, some middle 
and some bottom entrances. 

The following representative records and individual opinions as to the 
relative merits of cellar and outdoor wintering bring out the fact that 
under certain conditions one method of wintering is best while under 
other conditions another method is best, and emphasize the great need 
for a thorough understanding on the part of the beekeeper of all the 
many factors involved. 

A wintered 52 colonies in the cellar with a loss of two. He writes, 
“Cellar wintering is more economical, more convenient and will prevent 
bees from flying when spring weather is unfit.” 

B wintered 248 outside. Six colonies died from starvation, five or six 
were weak in the spring and the rest extra strong. He writes, “‘Emphati- 


cally outdoor. Easier to handle in spring. Rear brood earlier and are 
much better strength.” 

C winter 585 outside with a loss of only 23 and states, ““We prefer out- 
door wintering as we find colonies come through stronger and more uni- 


form in strength.” 

D has wintered 15 to 35 colonies in winter cases packed in leaves for 
the past seven years without the loss of a single colony. He gives as his 
preference “Outdoor—100 per cent.” 

E wintered 426 with a loss of only 18, packed outside, using tar paper 
and flax straw in two-story colonies and middle entrances. He states that 
the 18 that were lost were weak in the fall. His preference: “Outdoor, 
by all means. Less work. Better results.” 

F wintered 47 outside in one-story Jumbo hives, packed in pairs, with 
about 8 inches of grain straw all around and wrapped with asphalt paper; 
top entrance three-eighths by 1} inches, covered with snow and good 
wind protection; lost only one colony, and that from starvation. He pre- 
fers outdoor wintering because of “‘Less heavy lifting, better cold protec- 
tion in fall and spring, less winter losses, less attention needed to regulate 
temperature and moisture conditions, no fire insurance needed.” 

G wintered 400 outside packed in groups of eight in two-story or 14 
story 10-frame hives, using middle entrances, flax straw and asphalt 
paper and the group banked with earth, with a loss of only 10 by early 
May, and with about 91 per cent of the colonies coming through to the 
last of May as strong colonies. He says, “Here, we prefer outdoor winter- 
ing. If a good cellar were handy at yard, would prefer cellar wintering.” 

H wintered 350 in a cellar which is the basement of an old store build- 
ing, with a loss of only five colonies. four being due to starvation. He 
kept a fire in a stove in this basement for more than 30 days. He prefers 
cellar wintering. 
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I wintered 650 in single-story colonies in cellars with a loss of 20, 10 of 
which were queenless in the fall. He prefers cellar wintering. 

J, who wintered 220 with a loss of six, says ““We prefer cellar wintering 
because it is more reliable under varying conditions.” 

K, who wintered 235 in the cellar with a loss of 20 from starvation 
and queenlessness, writes ““T'akes one day to cellar bees. To pack would 
take lots of time.” 

L, who wintered 80 in the cellar and 60 packed outside, without any 
loss by either method at the time of his report in April, prefers outside 
packing for outyards and is undecided for his home yard. 

M wintered 40 in the cellar with a loss of six, and 141 outside with a 
loss of six. He prefers “Outdoor wintering, as they need no attention 
from the middle of October to the middle of May and winter stronger and 
build up faster and are more uniform in the spring.” 

It was interesting to note that most of the beekeepers who reported 
were able to determine the principal causes of most of their losses and 
to suggest the remedy. The winter of 1935-36 was an unusually severe 
one in Minnesota and gave a good test of any method of wintering. 
While the results as given are not of uniform value because of a difference 
ingthe{times of reporting (some included spring dwindling as well as ac- 
tual winter loss), and because of individual differences in accuracy of 
observing and reporting, it is believed that when sufficient data are 
gathered over a period of several seasons the results will be of value. The 
work will be continued to include the coming winter.—8-5-37. 


Tracing Long-distance Movements 
of Beet Leafhopper in the Desert 


H. E. Dorst AND E. W. Davis,' U. S. Department of {griculture, 
Bureau of Entomology and Plant Quarantine 


Early in the study of beet leafhopper damage in Utah it became ap- 
parent that the injurious populations of the beet leafhopper, Eutettir 
tenellus (Baker), found in sugar-beet fields, had moved in from desert 
breeding areas. The desert areas that are of economic importance to the 
beet-growing region must be ascertained and delimited before any con- 
trol of the leafhopper in the desert is possible. Thus, the tracing of leaf- 
hopper dispersals from breeding areas to sugar-beet regions is of primary 
importance in determining which areas are of economic significance. 

Surveys have indicated that the movements of the beet leafhopper 
into the southern beet-growing section of Utah must be from a great 
distance. The nearest winter breeding area is about 200 miles southwest 
of the beet-growing region. A large portion of the territory over which 
these movements occur is desert. Climatic conditions in the fall are not 
suitable for the germination of annuals that will survive the winter and 

! The writers express appreciation to Dr. P. N. Annand, formerly in charge of sugar-beet insect investiga- 


tions, and to Dr. W. C. Cook, in charge, sugar-beet insect investigations, Bureau of Entomology and Plant 
Quarantine, for helpful suggestions in this work. 
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provide a good growth early in the spring. Consequently there is an 
absence of suitable plants upon which te detect leafhopper movement. 

In order to have green annuals available upon the desert, small plots 
of host plants are germinated in the fall by irrigation and maintained 
in a growing condition so that early in the spring the plants are growing 
vigorously and are of a suitable size to be sampled for beet leafhopper 
populations. T'wo plants, Cheirinia repanda (L.) Link and Sophia par- 
viflora (Lam.) Standl., were selected because each survives the winter 
and produces a rapid spring growth. Both of these plants are good hosts 
and because of their type of growth are excellent for the collection of 
insects by the net method. 





Fig. 1.—A representative plot containing 100 square feet at Lynndyl, Utah, which 
shows the size of the plants at the time collections were begun. 


Since the leafhopper travels with the wind, the plots were located with 
respect to exposure to prevailing winds. It was necessary to water the 
plants two or three times in the fall to obtain suitable plant growth. 
Each plot was in the vicinity of the residence of an individual trained in 
the method of collecting insects with the net. 

in 1982, 14 plots of various sizes were planted, and each collector was 
instructed to take a daily collection of 100 sweeps with the insect net. 
It was found, however, that collections varied in proportion to the num- 
ber of square feet of plants present. Because of this variation all plots 
in following seasons were made 100 square feet in size. Twenty-six plots 
were planted in 1933; 20 in 1934, and 19 in 1935. It was noticed that some 
of the collectors obtained a larger proportion of the insects present than 
others. The collectors were instructed to go over the plots as many times 
as necessary, and not less than three, to obtain all the Eutettir tenellus. 
Although the inefficiency of the net method was realized, this was the 
best that could be done. This procedure was performed during the warm- 
est part of the day. 

These collections were sent to the laboratory, where the specimens of 
Eutettix tenellus were determined under the binocular microscope and 
the number recorded. 
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A representative plot, fig. 1, at Lynndyl, Utah, shows the size of plants 
at the time collections were being made. 
In the map, fig. 2, are given the locations of the plots used in tracing 


the long-distance movement by this method. Although many other plots 
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were placed to the northwest, west and southwest to check other possi- 
ble routes and sources, the results were negative. Only the positive 
results are here recorded. Most of the mountain ranges in this area run 
from north to south. The Virgin and Santa Clara rivers and their trib- 
utaries drain the breeding area of southern Utah, northwestern Arizona, 
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and a portion ot southern Nevada. These rivers create openings through 
mountains and offer routes of dispersal for the beet leafhopper to follow. 
The plots were established near these openings from the winter breeding 
area and on routes that might be followed. One route follows the Santa 
Clara river, north through Modena and the Escalante desert. Another 
follows the Virgin river northeast through Glendale and down the Sevier 
river into the beet section of central Utah. Another route follows a 
tributary of the Virgin river north through Cedar City and enters the 
beet-growing section by way of the Sevier river and its tributaries. 

The data obtained on the location and date of collection of the mi- 
grants of E. tenellus indicate the time when dispersal from the winter 
breeding grounds began and also the speed, and direction of the move- 
ment after dispersal got underway. The first migrants arrived at Sevier 
station (the southern end of the sugar-beet region) in 1982 on April 15; in 


Table 1.—Peaks of dispersal of Eutettix tenellus in southern Utah, 1933-1935. 





1932 1933 1954 1985 


Modena May 30 June | May 4* May 9 
Glendale June 1 May 3 May 7 May 8 
Sevier June 2 June 2 May 5 May 10 





* In this year the Modena plot was destroyed; therefore, the peak collection at Nada, a nearby station, was 


substituted 


1933 the collections were not begun until after the movement had started 
in 1934 on March 18, and in 1935 on April 15. The peak of the dispersals 
was some time afterwards. 

In fig. 3 are plotted the daily collections from three plots of 1933 and 
1935. As it is not feasibre to chart the collections from all the plots, these 
three have been chosen because of their location, although other stations 
along the routes substantiate the points discussed. All the specimens of 
Eutettix tenellus recorded from these and other stations were migra- 
tory bugs. Modena and Glendale are about 40 miles from the large win- 
ter breeding area and on two distinct routes of migration. Sevier station 
is near the sugar-beet region and at the junction of the Glendale and 
Modena routes. The Sevier station is approximately 150 miles trom both 
of the other stations. 

It will be observed in the graph that at all three stations for both 
years the number of Eutettix tenellus per collection increased in general 
until a peak was reached, and then they decreased. The collection curve 
for each individual station is very irregular because of the influence of 
variable climatic conditions at each plot at the time of the collection. 
The collections from the various stations showed the Glendale route to 
have been the most important in 1933, while in 1935 the Modena route 
was the most important. 

Table 1 gives the peaks of dispersal at Modena, Glendale, and Sevier 
for the four years that the plot method has been used. 

Glendale recorded the peak collection two days earlier than Modena 
in 1933 and one day earlier in 1935. In 1932 the peak collection was 
recorded at Modena two days earlier than at Glendale, while in 1934 
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the Modena? peak collection appeared three days earlier than that of 
Glendale. The peak collection at Sevier, which is near the beet section of 
central Utah, has been one to three days later than at Modena. With the 
exception of 1934, the peak collection at Glendale was reached one to 
three days earlier than at Sevier. The occurrences of the insects at these 
points in 1934 were probably affected by certain wind directions, as the 
other plots showed no indications that a separate source of infestation 
existed. With the exception of 1934, the peak collections indicate that 
the time necessary for the dispersal to travel from points near the winter 
breeding area to the beet-growing section of central Utah is about two 
days. 

The time of the dispersal is fundamentally governed by the rate of 
maturity of the broods in the breeding area. Dispersal itself is influenced 
by the climatic conditions, especially wind and temperature encoun- 
tered, which affect the direction and rate of travel of the leafhopper. On 
a given route, direction of dispersal can be determined by the inverse 
ratio of size of collections to distance from breeding area. Data from 
plots in 1933 showed that, even after dispersal had begun, adverse winds 
delayed its progress, after which the movement to the beet-growing re- 
gion continued. 

This method of tracing dispersals over desert areas devoid of suitable 
host plants, upon which movements could be detected, enables compari- 
sons to be made of the date and magnitude of movement for different 
years. 

Fulton & Chamberlin (1931) have described an automatic insect trap 
for the study of insect dispersion which is fundamentally an air filter 
containing a series of screens. The trap is so mounted that it always 
faces the direction from which the wind is blowing and retains the in- 
sects borne by a representative moving current of air. It has been used 
with apparent success in studies in Idaho. These traps have been used 
in Utah in an attempt to determine the source of long-distance move- 
ment of beet leafhoppers, but have not proved as satisfactory as the 
plot method. 

The chief disadvantage of the plot method is that the plots are oc- 
casionally winter killed or destroyed by animals. It has the distinct 
advantage over the previously described trap by Fulton & Chamberlin 
(1931) in that the area exposed to beet leafhopper movement at each sta- 
tion is much larger. The first requisite of the plot method is that there 
shall be an absence of host plants of the insect desired except in the 
planted plots. Daily collections are large enough so that it is not neces- 
sary to resort to weekly averages to make comparisons. If weather con- 
ditions are such that collections cannot be made from plots, it is highly 
probable that these same conditions would not permit dispersal of leaf- 
hoppers. 

This method has been found satisfactory in determining the general 
routes of dispersal of the beet leafhopper in long-distance movements in 
Utah, and may be applicable in tracing routes of other migratory in- 
sects in territory where natural host plants are not present. 

Summary.—The method of tracing long-distance movements of the 


2 See footnote under table 1. 
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beet leafhopper, Futettix tenellus (Baker), by the plot method provides 
for the establishment of small plots of host plants on the desert. The 
dispersal is over the desert in which these plots are located. The plants 
are irrigated in the fall and maintained in a growing condition so that 
early in the spring they are growing vigorously and are of suitable size to 
be sampled for migrating leafhoppers. The plots are located in the vicin- 
ity of some residence sothat collections may be conveniently made each 
day. This method is applicable in tracing long-distance movements over 
deserts that naturally do not have host plants or other suitable plants 
on which dispersals could be detected. Four years’ data obtained by this 
method verify earlier deductions that the spring movement of the beet 
leafhopper into the central Utah beet-growing section originates in the 
lower Virgin river basin.—4-19-37. 
LITERATURE CITED 
Fulton, R. A., and F. S. Chamberlin. 1931. A new automatic insect trap for the study of 
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Toxicity of High Temperatures to Bean 
Weevil Eggs 
H. Menusan, Jr. and G. F. MacLeop,' Cornell University, Ithaca, N. } 


The mortality curve obtained by allowing a toxic agent to act on a 
group of insects can be considered as the product of at least three factors. 
The three most important factors, or variables, are concentration of the 
toxic agent, duration of exposure of the insects to the toxic agent and 
the effects of the toxic agent on the insects. Therefore, we may have con 
centration-mortality, time-mortality or time-concentration curves for a 
given mortality, depending on which variable is held constant. The dif 
ferent types of curves obtained by the above methods usually show that 
insects vary greatly in their resistance to the toxic agent and the error 
in the determination is mainly due to this variability. 

The present paper contains the results of a study of the hatching of 
eggs of bean weevil, Bruchus obtectus Say, after exposure for various 
periods to high temperatures. High temperature was selected as a toxic 
agent because of the ease with which it can be accurately measured and 
controlled. 

Experimental methods.—The bean weevil eggs of known age obtained 
from cultures (Pyenson & Menusan 1937) maintained at a standard en 
vironment of 25° C and 70 per cent relative humidity, were subdivided 
into lots of 100 eggs each. The eggs were then placed in 25 150 mm. 
Pyrex test tubes and the tubes placed in a holder to facilitate immersion 
into a hot water bath with the temperature controlled within .02° C. 
When the time was varied and the temperature was held constant all 
test tubes were immersed 100 mm. into the bath simultaneously then re 


! The authors are indebted to Professors F. L. Campbell, H. H. Shepard and F. Z. Hartzell for their mat 
helpful suggestions in revision of the manuscript. 
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moved at stated intervals. When the temperature was varied and the 
time held constant, each test tube was individually exposed to the given 
temperature. The bath temperature was rapidly changed by adding cold 


water in the series when the 
temperature was lowered or by 
adding hot water in the series 
when the temperature was 
raised. These series were alter- 
nated so that slight differences 
in the age of the eggs averag- 
ing one or two hours would not 
affect the results obtained at 
either end of the toxicity 
curve. 

Short exposure periods were 
used in all the experiments to 
minimize the effects of the ex- 
posure on egg resistance and 
development. The short ex- 
posures also rendered it un- 
necessary to control the rela- 
tive humidity which varied 
from 5 to 25 per cent during 
the exposures. After exposure 
the bean weevil eggs were re- 
placed in the standard envi- 
ronment of 25° C and 70 per 
cent relative humidity and the 
percentage hatching  deter- 
mined for each lot. The eggs 
were examined daily since 
more frequent examinations 
did not appear to be necessary. 
Many eggs after treatment de- 
veloped until the head capsule 
was clearly visible, then died; 
in a few cases the larvae de- 
veloped within the egg but 
could not emerge. This failure 
to emerge might be considered 
as due to a hardening or some 
other physical change in the 
egg shell although it is more 
likely due to the general debil- 
ity of the larvae. In this study 
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Fig. By 1, Age of bean weey il eggs in 
relation to mortality with exposure for 20 
minutes at 48° C; B, mortality of bean 


minutes at various constant temperatures; 
C, mortality of bean weevil eggs 0 to 1 
day old in relation to time of exposure at 
50° C 


all larvae that did not emerge were classified as dead. 

Experimental results.—Preliminary experiments indicated that the 
resistance of the bean weevil eggs to heat increased with the age of the 
eggs. When exposed to 48° C for 20 minutes, more than 99 per cent of 
two-hour old eggs died, while with eggs more than three days old only 
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about 4 per cent died. The results obtained, based on four replicate tests 
or a total of 400 eggs per point, are shown in fig. 1, A. These results are 
quite different from those reported by Pyenson & MacLeod (1936) for 
naphthalene fumigation of bean weevil eggs, although they agree with 
the results obtained by these investigators when using Tenebrio molitor 
~ eggs. The increased resistance with increased age of the eggs obtained 
by the author is no doubt due in part to an increase in the size and 
complexity of the organism with age. In all other experiments it was 
found to be most practical to use bean weevil eggs zero to one day old. 


Table 1.—Mortality range and mean mortality of replicate tests with bean weevil 
eggs (0 to 1 day old) exposed for 10 minutes at various constant temperatures. 








Temp Tora No. 

Cc Eaas Per Cent or Eaos Famine tro Haren 

Mortality Mean 

Minimum Maximum Range Mortality 

40 1000 l 9 8 1.3 98* 
42 1000 8 15 12 8.5+1.24 
44 1000 6 18 12 12.9+1.48 
45 1000 12 27 15 21.5+1.62 
+6 1000 12 35 23 22.6+2.65 
47 1000 18 $4 Sl 28 .2+3.07 
+8 1000 19 54 35 37.4+3.26 
49 1000 48 76 28 60.6+3.38 
50 1000 6S 86 Is 77.5+2.06 
51 1000 9] 98 7 96.4- 69 
52 1000 99 100 l 99.9 

Xd 

* Standard error of the mean obtained by means of the formula { 
n(n l 


A se rie ‘s of bean weevil eggs was exposed to temperatures ranging from 
40° to 52° C while the time of exposure (10 minutes) was held constant. 
Since it was desired to determine toxicity with a high degree of accuracy, 
10 separate determinations of the points necessary for a mortality curve 
were made. At 52° C, table 1, there was only one case in 10 trials where 
a 100 per cent mortality was not obtained, therefore since it is not known 
how often the minimum lethal dose was exceeded, the standard error of 
the mean was not calculated. 

The results show that the greatest variation in replicate determina- 
tions of lethality was in the median range of the temperature mortality 
curve. This was indicated by the greatest difference between the maxi- 
mum and minimum mortality obtained at individual temperatures, and 
more accurately shown by the standard error of each. The lack of sym- 
metry in the temperature-mortality curve is shown in fig. 1, B. 

For purposes of comparisons a time-mortality curve was determined 
in the manner described previously. With a 30-minute exposure at 
50° C, table 2, the mortality was 100 per cent in one case out of 10. 
In this particular case two larvae completely developed within the egg 
shell but could not emerge although they remained alive for several days. 
The time-mortality curve, fig. 1, C, was different in shape from the tem- 
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perature-mortality curve, fig. 1, B, and the greatest variation in mor- 
tality determinations was in the median range. 

Both of the curves, fig. 1, B and C, as determined experimentally are 
asymmetrical and in this respect differ from the usual toxicity curves 
which are assumed to be symmetrical. It is apparent that in these cases 


Table 2.—Mortality range and mean mortality of replicate tests with bean weevil 
eggs (0 to 1 day old) exposed at 50° C for various periods. 





Exposure Tora No. 
MINUTES Eaas Per Cent or Ecos Fattinc to Harcn 
Mor TA.ity MEAN 
MINIMUM MaxImMuM RANGE MortTa.iry 
0 1000 2 Ss 6 $.8+ .59* 
1 1000 16 32 16 23 .9+1.47 > 
2.5 1000 28 57 29 38. +3.01 
5 1000 $2 72 40) 51.2+3.86 
10 1000 59 88 29 71.4+2.78 
15 1000 68 97 29 81.9+3.02 
20 1000 76 98 22 88.9+2.16 
30 1000 89 100 11 94.6+1.51 





* Standard error of the mean 


the variation in dosage (degree of temperature or length of exposure to 
a constant high temperature) of replicate determinations is least at the 
higher temperature in one case, fig. 1, B, and the shorter exposure periods 
in the other, fig. 1, C. 

To test whether experiments conducted at the same time would give 
results similar to those obtained with tests replicated at intervals, one 


Table 3.—Mean number of days required to complete incubation for bean weevil 
eggs which survived heat treatments when 0 to 1 day old. 





No. Tora. No Per Cent INCUBATION 
REPLICATES Eaes MortTA.ity Pertop, Days 
20 2000 8 (controls 6.51 
10 1000 12 6.68 
10 1000 16 6.65 
80 8000 25 6.79 
10 1000 SI 6.95 
20 2000 39 7.03 
10 1000 51 7.18 
10 1000 62 7.36 
10 1000 71 7.56 
10 1000 78 7.81 
10 1000 82 7.91 
10 1000 89 8.11 
20 2000 96 8.31 





experiment was conducted in triplicate. The time-mortality curve results 
obtained in this manner agreed with those obtained in the previous tests. 
In cases where the resistance of individual insects varied greatly between 
tests, replicate tests would not be comparable since a comparatively 
small change in natural mortality might indicate a tremendous shift in 
the resistance of the insects. With bean weevil eggs the natural mortality 
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in the controls approximated 3 per cent, varying from 0 to 8 per cent in 
different samples. This variation in natural mortality did not appear to 
indicate any great shift in the resistance of the eggs to high tempera- 
tures under the conditions of the experiments. 

In the course of the experiments it was noticed that eggs surviving 
heat treatments which killed varying proportions of the population al- 
ways required a longer period for incubation. The delay in hatching 

varied directly with the effectiveness of the heat treatment as measured 
by resultant mortality, table 3. Similar delays in hatching were reported 
with naphthalene fumigation of insect egys by Pyenson & MacLeod 
(1936). 

Summary.—Relation of mortality of bean weevil eggs to time of ex- 
posure and to temperature used can be expressed by two asymmetrical 
curves. The largest variation in percentage mortality of the eggs oc 
curred in the middle portions of the curves and decreased toward cock 
end of the curves. Due to the asymmetry of the two curves the smallest 
errors in terms of time or temperature of exposure, 7.e., dosage equiva- 
lents, was in the case of variable temperatures in the high mortality range 
and in the case of variable time of exposure in the low mortality region. 

The resistance of eggs to high temperatures increased with the age of 
the eggs. Eggs surviving high temperature exposures were delayed in 
hatching and the amount of delay was directly proportional to the result- 
ant mortality for any given treatment.—10-5-37. 
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Homologs of Paris Green 


IV. Insecticides Prepared from Animal and 
Vegetable Oils 


E. Dearporn, U.S Department of Agriculture, Bureau of Entomolog 
Plant (Quarantine 


Considerable research work has been done on the preparation of in- 
secticides, homologs of Paris green, from commercial oils of vegetable, 
animal and fish origin. Preparation of the individual copper-arsenite 
compounds of the saturated and unsaturated series of fatty acids has 
been described (Dearborn 1935, 1936, 1937). The object of this paper is 
to describe the preparation and to give some of the chemical and physical 
properties of the insecticides prepared from a few of the commercial oils. 

As is well known, the oils of vegetable, animal and fish origin are 
made up of the glycerides ¢: _be fatty acids. Coconut oil, for example, 
contains a mixture of the glycerides of the following saturated acids: 
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caproic (2 per cent), caprylic (9 per cent), caprie (10 per cent), lauric 
(45 per cent), myristic (20 per cent ), palmitic (7 per cent), stearic (5 per 
cent ), and oleic (2 per cent ), the latter an unsaturated acid. On the other 
hand, there are oils that are composed mainly of the glycerides of the 
unsaturated fatty acids. Linseed oil, for example, contains approximately 
90 per cent of glycerides of unsaturated acids. Most of the oils, however, 
are mixtures of glycerides of the saturated and unsaturated fatty acids. 
Hence, when an insecticide is prepared from an oil, copper arsenite com- 
pounds of all the fatty acids present are formed simultaneously and 
intimately mixed. An individual oil varies somewhat in its composition, 
depending upon its source and method of extraction, but it usually con- 
tains the same glycerides; therefore, an insecticide prepared from a given 
oil will generally contain the same homologous compounds. The com- 
parative compositions of typical fats and oils experimented with in this 
paper have been published by Craig (1933). Castor oil (Ebner & Miinz- 
ing 1925), however, differs from the other oils in that it is composed 
mainly of the glyceride of ricinoleic acid, which is a hydroxy acid. 

Method of preparation.—The procedure used in preparing a copper 
arsenite insecticide from an oil differs slightly from that described in the 
writer's previous papers. The first step is to saponify the oil completely 
with an alkali. A solution of an alkali arsenite is then added in slight 
excess (about 10 per cent) of the theoretical amount required to produce 
compounds of the general formula 3 CuAseO,°Cu (acid anhydride) as 
calculated from the composition of the oil (Craig 1933, Ebner & Miinzing 
1925). The mixture is diluted to the proper degree and well agitated while 
being heated. The excess alkali is partially neutralized by the addition 
of a dilute mineral acid, and then the calculated amount of a copper 
salt dissolved in water is slowly added with vigorous agitation. When all 
the copper-salt solution has been added, the reaction mixture should be 
neutral or slightly alkaline in reaction, and if not it is adjusted. The mass 
is heated with vigorous agitation until the color changes from an olive 
green to a bluish green and coagulation takes place, when it is allowed 
to stand with occasional stirring until cold. When sufficiently cooled, 
the reaction mass is made acid to litmus paper by the addition of a dilute 
mineral acid and agitated for about one hour to dissolve any copper 
oxide or uncombined cupric arsenite that may be present, after which it 
is filtered and washed. 

The product as precipitated is composed of aggregates too large for 
efficient insecticidal use and must be ground to the desired fineness. 
This is best accomplished by making a thin paste with water and grind- 
ing in a pigment or ball type of mill. The ground material is filtered, well 
washed and dried at a temperature preferably below 100° C. If the dried 
product contains lumps, they may be broken up in a pulverizing machine. 

The insecticides as prepared above usually contain some uncombined 
copper salts of the fatty acids, the amount being dependent upon the 
care with which the various steps have been carried out. In drying the 
insecticides made from drying oils, such as tung, fish and linseed oil, 
care must be taken lest spontaneous combustion take place, especially 
when there is present considerable uncombined copper salts of the un- 
saturated fatty acids, as they have a great affinity for oxygen. 
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Physical and chemical properties.— All the copper arsenite compounds 
made from oils are greenish, and if properly prepared, ground, and dried, 
they will havea very fine, light and fluffy texture. They are not easily wet 
by water, and possess good adhesive qualities. To suspend them in 
water a wetting agent must be employed. The most practical method 
now known consists in wetting the dry compounds with alcohol. De- 
natured alcohol, even 50 per cent or less by volume, will cause the in- 
secticides to be wet by water. Only just enough alcohol to form a thin 
paste is required. It has been found that the addition of a solution of 


Table 1.—Chemical analysis of cupric arsenite compounds prepared from various 
oils. 





Per Cent Toran Per Cent Tora Per Cent WaATER- 
ARSENIOUS OXIDE Copper OXxIpE SOLUBLE ARSENIOUS 
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bone glue or gelatin greatly improves the suspension in water, and also 
has a tendency to repress hydrolysis of the compounds. The amount of 
dry glue or gelatin to be used may be as little as 2 per cent of the dry 
weight of the insecticide used, but more may be used advantageously. 

The analyses of typical insecticides prepared from oils are given in 
table 1. All the oils were refined oils, and the other ingredients were of 
technical grade. The analyses were carried out as described in previous 
papers (Dearborn 1935, 1936, 1937). Table 1 also gives the theoretical 
composition of the insecticides as calculated from the composition of the 
oils (Craig 1933, Ebner and Miinzing 1925). The water-soluble arsenic 
was determined (1 gram per liter) after wetting with alcohol, with and 
without the addition of bone glue. 

Samples of linseed-oil green and peanut-oil green were ground in a 
small Day pigment mill prior to determining their particle size distribu- 
tions! by the method of Goodhue & Smith (1936). Fifty per cent alcohol 
was used as a suspending medium, and sodium citrate (.03 per cent ) was 
used as a deflocculant. For comparison, the particle-size distribution of 
a sample of a commercial Paris green was determined by the same 
method. This brand was believed to consist of finer particles than any 


' These distributions were determined by L. D. Goodhue, U. S. Department of Agriculture, Bureau of 


Entomology and Plant Quarantine. 
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other on the market in 1936. The observed particle size distributions of 
the three samples are given in table 2, together with their densities. The 
results show that the greens prepared from linseed oil and peanut oil 
can be ground to a finer and fluffier state of subdivision than that exist- 
ing in the finest commercial Paris green obtainable. According to figures 
obtained by Goodhue, the two oil greens were approximately equivalent 
to the average commercial sample of calcium arsenate in proportion of 
particles below 10 microns in size. 

Insecticidal effectiveness.—Few insecticidal tests have as yet been 
made with the greens prepared from oils or with any of the other 
homologs of Paris green. Fleming & Baker (1936) found lead arsenate 
more effective against the Japanese beetle than Paris green or its homo- 


Table 2.—Particle-size distributic.i of three arsenical-fatty acid insecticides. 





PARTICLE S1zt PERCENTAGE BY WEIGHT BETWEEN INDICATED DIAMETERS 
Linseed Oil Peanut Oil { Commercial 
microns Green Green Paris Green 


10 

6 
18 
16 
15 
35 


Above 40 
40-30 

380-20 

20-15 

15-10 

Below lu 

De nsity, g./ ce. 
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logs. On the contrary, Fassig & Campbell (1937) found Paris green and 


its homologs more effective than lead arsenate against the confused flour 
beetle. In the latter tests the greens prepared from oils were more effec- 
tive than the lower members of the acetic acid series, including Paris 
green. 

Summary.— Insecticides, homologs of Paris green, can be prepared 
from oils of vegetable or animal origin. The products are bluish green, 
insoluble in water, and after once dried are not easily wet by water 
without the use of a wetting agent, such as alcohol. 

Addition of a solution of bone glue or gelatin to a water suspension of 
the insecticides improves the quality of the suspension and tends to 
reduce the amount of hydrolysis of the compounds. 

These insecticides can be ground to a very fine state of subdivision, 
producing a light, fluffy product.—5-17-37. 
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New Wetting and Spreading Agent for 
Spray Materials 
G. L. Wa.ker,' Crop Protection Institute,? New Haven, Conn. 


In experimental work with sprays to control the European corn borer 
the need arose for a safe wetting and spreading agent. At the request 
of the Connecticut Agricultural Experiment Station the Atlantic Re- 
fining Company prepared a series of samples of petroleum oil sulfonates 
in 1935. After laboratory and field tests one of the samples was selected 
as most suitable and has been manufactured commercially during 1937. 
The preliminary work in 1935 and 1936 showed that this material, 
among others, was effective as a wetting and spreading agent for spray 
materials (Batchelder 1937, Turner 1937). The material is manufactured 
and sold as Ultrawet. This report gives results of studies carried out by 


Table 1.—Angle of contact measurements. 





CONCENTRATION, Per CEN1 ANGLE or Contact, DreGcrers 
$5 Sec OU Sex 120) Sex 


: 72 70 
jl 53 19 
65 63 35 
71 66 56 
100 ON 96 
121 117 107 





the Crop Protection Institute and the Connecticut Agricultural Experi- 
ment Station. Although much of this work is still in the experimental 
stage, sufficient evidence has been accumulated to show that l /trawet 


possesses definite promise as a wetting and spreading agent, and that 


its use is of practical value. 

Ultrawet is a sodium salt of water-soluble sulfonic acids made by acid 
treatment of petroleum. It is prepared in dry powdered form and is hy- 
groscopic. It is approximately neutral, having a pH of 7+.2. It possesses 
desirable properties, such as compatibility with hard water, various con- 
tact and stomach poisons and fungicides and relatively low surface ten- 
sion and angle of contact. Several laboratory samples made during a 
period of two years and two lots from commercial production have been 
uniform in properties. 


The experiments on European corn borer, onion thrips and apple scab were car 
Protection Institute and the Connecticut Agricultural Experiment Station. The detaile« 
later by the station 

2? Early publication of this paper has been secured by payment of the printin 
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Wetting and spreading properties.—The surface tension of solutions 
of Ultrawet in distilled water in concentrations from .1 per cent to 1 per 
cent was from 34.7 to 36.2 dynes per centimeter. At a concentration of 
.05 per cent the surface tension was 37.7 dynes per centimeter. The angle 
of contact was determined by the method described by O’ Kane (1931). 
The determinations using nasturtium leaves are given in table 1. The 
results showed that at lower concentrations the angle of contact de- 
creased on standing. 

Table 2.—Pea aphid control. 





Av. No. Apuips Per Cent Host 

MATERIAI PER PLAN1 CONTROL INJURY 

Cubé, 3 Ibs. per 100 gals. 2.1 93.5 none 
Same, with Ultrawet } lb. per 100 gals $2 98.7 none 
Same, with U/trawet 1 lb. per 100 gals. 3 98.8 none 
Check 32.5 none 





Further observations were made with leaves of plants using a visual 
method of evaluating wetting and spreading. The results showed that 
bean, potato and apple leaves were readily wetted with dilutions ranging 
from 1:1600 to 1:2400. Leaves with more waxy surfaces, such as peach, 
cabbage and nasturtium, required dilutions of 1:800. 

All of these results indicated that U'/trawet had desirable wetting and 
spreading properties. 

Effect of Ultrawet on plants.—l /trawet has been tested on a wide 
variety of greenhouse, vegetable and orchard plants. At a dilution of 
1:1600 Ultrawet caused no injury to tomato, potato, turnip, cabbage, 
onion, squash, bean, pea, corn, cantaloupe, tobacco, grape, apple, pear, 


Table 4.—Control of European corn 
Table 3.—Potato flea beetle control. borer in sweet corn. 





No. FeEEpiInG Per Cent Per Cent 
MARKS ON Repuction Borer- 
100 Se. Cm. RIAI or Borers FREE Ears 
Lear Per Cen - 
MATERIAL Surrace Repvctio rst G 
_ ul i 100 gals 
Derris-clay, .75°;), rotenone 282 59.3 ame, wit! frawet 1: 1600 
Same, with Ultrawet 1: 1000 119 2 
Check 6938 S 1 Gener 
*, 3 ibs. to 100 gals 511 bé, 4 Ibs. per 100 gal 
Same, with Ultrawet 1: 1600 234 76 frawet 1: 1600 


Check 1015 


s 





peach, rose, coleus, snapdragon, begonia, ageratum and nasturtium. In- 
jury appeared on corn, peach, grape and pear at a dilution of 1:800. 

Compatibility with insecticides and fungicides. —l /trawet is compati- 
ble with nicotine, pyrethrum, derris and cubé root, arsenate of lead, 
calcium arsenate, dry and liquid lime sulfur, and Bordeaux mixture. 
Ultrawet mixed with finely ground flowers of sulfur at 1:16 produced 
an excellent wettable sulfur. It is not an effective emulsifying agent for 
petroleum oils. 

Experiments to control insects.—_In most of the tests of Ultrawet in 
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combination with insecticides, the dilution has been 1:1600 by weight. 
This dilution gives satisfactory wetting and spreading on most plants 
and causes no injury to the plants. Preliminary laboratory tests indicated 
that Ultrawet added to suspensions of pure ground derris and cubé root 
increased the effectiveness of these materials. Moreover, Ultrawet did 
not cause any deterioration in toxicity of rotenone-bearing materials. 
Combinations of Ultrawet and rotenone-bearing materials were used in 


Table 5.—Control of European corn Table 6.—Control of onion thrips. 
borer in potatoes. — 





Av. No 
Tuaips per Per Cent 
PLant CONTROL 





Per Cent 


ConrTRo. MATERIAL 


MATERIAL 
Cubé, 4 lbs. per 100 gals 63.5 
Same, with Ultrawet 1: 1600 85 


First Experin 


Cubé, 4 Ibs. per 100 gals 

Same, with Ultrawet } lb. per 
100 gals 

Check, no treatment 


Bordeaux mixture, 4:4:50 18 
Same, wit ltrawet 1: 1600 10 


Bordeaux-caicium arsenate, 3 Ibs. per 
100 gals 61 
Same, with Ultrawet 1: 1600 81 


Second Experiment 


Cubé, 4 Ibs. per 100 gals 

Same, with Prirawet } Ib. per 
100 gals. 

Cubé, 4 Ibs. per 100 gals.; sul- 
fur—U ltrawet,* 8 lbs. per 100 
gals 

Sulfur-Ultrawet.* 8 Ibs. per 100 
gals 

Check, no treatment 


Bordeaux-—cubé, 4 Ibs. per 100 gals 59.5 
Same, with ( ltrawet 1: 1600 


Bordeaux—Paris green, 1 Ib. per 100 gals 
Same, with l Urawet 1: 1600 





$50 


most of the field tests. In all cases 
in which derris or cubé were used 
in sprays, the materials were pure 
ground root containing 4 per cent 
rotenone and 14 per cent total ex- 


Third Experimer 


Cubé, 4 Ibs. per 100 gals.; 
Ultrawet, § Ib. per 100 gals 
Cubé, 4 Ibs. per 100 gals.; sul 
fur-Ultrawet,* 8 lbs. per 100 

gals 


tractives. Check, no treatment 

Pea Apuip, [llinoia pisi Kavr. 
Early garden peas moderately in- 
fested with pea aphids were 
sprayed on June 9 and June 17. Five days after the second application 
the aphids on the plants were counted. The results are summarized in 
table 2. 

The addition of Ultrawet increased the percentage of control, but 
Ultrawet at 1:800 was no more effective than 1:1600. No yield records 
were taken because ladybird beetles reduced the number of aphids soon 
after the counts were made. 

Potato Fiea Beerie, Epitrix cucumeris Harris.—Irish Cobbler 
potatoes heavily infested with potato flea beetles were treated on May 
27 and June 3. The materials used were cubé in sprays and derris in 
dusts. Ultrawet was added to one dust at the rate of 1: 1000, and to one 
spray at the rate of 1: 1600. The effectiveness was determined by count- 
ing the feeding marks on 100 disks punched from the leaves, each disk 
being 1 square centimeter in area. The control is calculated by com- 
parison with untreated checks. The results are given in table 3, and show 
that the dusts were more effective than the sprays. The addition of 
Ultrawet to either dusts or sprays increased the effectiveness consider- 
ably. It is believed that this has an application in control of flea beetles 
on tobacco. 





* 300-mesh dusting sulfur and Ultrawet mixed dry 
before diluting in the proportion of 16 parts of sulfur 
to 1 part of Ultrawet. 
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EuROPEAN Corn Borer, Pyrausta nubilalis HUBN.—Sprays were ap- 
pked to both early and late sweet corn for control of the first and second 
generations of the corn borer. Applications were made according to the 
schedule suggested by Turner (1937). The results are summarized in 
table 4. 

The addition of Ultrawet to cubé gave somewhat better results, espe- 
cially ih percentage of borer-free ears in the first-generation test. 

Experimental sprays to control the European corn borer in potatoes 
were applied twice to Irish Cobbler potatoes. The plants were cut open 
and the number of borers counted. The results are summarized in table 
5, in which the control has been calculated by comparison of treated 
and untreated plants. 

In three tests Ultrawet added to the spray material substantially in- 
creased the percentage of control. In the case of Bordeaux mixture no 
insecticide was used. In the case of Paris green l/trawet did not increase 
the degree of control. 

Onton Turips, Thrips tabaci Linv.—Three field experiments were car- 
ried out on onion thrips, two with onions grown from sets and one with 
onions grown from seed. 

In the first experiment, onions (sets) heavily infested with thrips 
were sprayed on June 16, June 25 and July 1. Thrips were counted at 
various intervals during this experiment, usually two days after spray 
applications. The final counts were made five days after the third spray. 
The thrips were counted on 25 plants in each plot and the effectiveness 
of treatments calculated by comparison with untreated checks. The ma- 
terials used were cubé and cubé-Ultrawet. In a second experiment, 
onions (sets) severely infested with thrips were sprayed on July 8 and 
July 16. The materials used in this experiment were cubé, cubé—Ultra- 
wet, cubé—sulfur—U ltrawet, and sulfur—U/trawet. Counts and calculations 
were made as described for preceding experiment. A third experiment 
was carried out on onions (seed ) lightly infested with thrips at the start. 
Sprays were applied July 16, 23, 30 and August 6. The materials used 
were cubé—U/trawet and cubé—-sulfur—U/trawet. Results are given in table 
6. 

In all experiments the addition of U/trawet at the rate of 1: 1600 re- 
sulted in a marked increase in percentage of control. The results were 
particularly satisfactory in the third experiment because the first spray 
was applied before the plants were seriously damaged by thrips. In the 
second experiment the addition of sulfur to cubé increased the degree 
of control after the first application, which was made on a hot day. The 
second application was made in cooler weather and the sulfur was not 
effective. The same was true in the third experiment, in which all sprays 
were applied on days when the temperature did not reach 90° F. 

No yield records were taken in the experiments on onions grown from 
sets, because the plants were killed prematurely by downy mildew, 
Peronospora destructor (Berk.) Caspary. The onions grown from seed 
were also killed prematurely by the same fungus, but in this case the 
sprays were applied early enough to prevent damage by thrips. The yield 
from the cube—Ultrawet block was 130 bushels per acre more than from 
the adjoining check block. 
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Tests with miscellaneous truck crop pests.—Cubé dusts (.75 per cent 
rotenone) and sprays (3 pounds per 100 gallons) were used to control 
the Mexican bean beetle, Epilachna varivestris Muls., the striped cucum- 
ber beetle, Diabrotica vittata Fab., the imported cabbage worm, Pieris 
rapae L.., and the cabbage looper, Autographa brassicae Riley, both with 
and without U/trawet. In most cases the addition of Ultrawet did not 
result in increased protection of the plants from these pests. The 
sprays and dusts without U/trawet usually provided adequate control. 

AppLe Scaps, Venturia inaequalis (Cooke) Winter.—Laboratory tests 
showed that U/trawet exhibited fungicidal action on certain fungus 
spores. Following this discovery, field experiments were carried out to 
control apple scab. In one plot Ultrawet was used with lead arsenate and 
dry lime sulfur (one-half the recommended strength). This treatment 
was compared with lead arsenate-dry lime sulfur (full strength) in an 
adjoining plot. Applications were made May 24, June 4, 14, and July 9. 
Results are given in table 7. 


Table 7.—Summary of apple scab control. 





Per Cent FOLIAGE 
TREATMENT VARIETY CoNnTROL INJURY 
Dry lime sulfur 6 lbs., lead ar- McIntosh 85. considerable 
senate 3 lbs. per 100 gals. Rome Beauty 95 slight 
Dry lime sulfur 3 lbs., lead ar- McIntosh St very slight 
senate 3 Ibs., U/trawet } lb. per Rome Beauty 91.5 none 
100 gals. 
Check McIntosh 7.6 none 





The full strength lead arsenate-dry lime sulfur treatment was slightly 
superior in respect to scab control, but the difference was not significant. 
The foliage in the plot treated with lead arsenate—dry lime sulfur—U ltra- 
wet showed considerably less spray injury, especially on the McIntosh 
variety. 

Fruit analysis made at harvest showed that both sprays were retained 
in sufficient amounts tocontrol scab and insects; in fact, both were above 
the tolerance for lead on the McIntosh. 

These results indicate that the amount of fungicide may be reduced 
with the addition of U/trawet to the spray. 

Summary and conclusions.—A sodium salt of water-soluble petroleum 
oil sulfonates designated as Ultrawet possesses desirable qualities as a 
wetting and spreading agent for spray materials. U/trawet at 1: 1600 in 
water did not damage the foliage of many economic plants. U/trawet is 
compatible with the insectides and fungicides in common use. 

The addition of U/trawet to cubé dust resulted in increased control of 
the potato flea beetle. The addition of U/trawet to cubé root in sprays 
gave promising results in controlling onion thrips. The use of Ultrawet 
with cubé root in sprays to control the European corn borer gave 
slightly increased protection. 

Ultrawet combined with half the ordinary strength of dry lime sulfur 
controlled apple scab nearly as well as full strength dry lime sulfur and 
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reduced injury to foliage caused by the lime sulfur—arsenate of lead 


combination. 
Ultrawet added to sprays and dusts to control the Mexican bean beetle, 


striped cucumber beetle, imported cabbage worm and cabbage looper 
did not provide increased protection. 
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Scientific Notes 


Termites Infesting Turnips.—-On May 14, 1937, in Orlando, Fla., the writer's 
attention was brought to a colony of termites, Reticulitermes flavipes Kol.,' which was 
attacking turnips (the edible roots) growing in the field. Upon further investigation it 
was found that about a dozen turnips in a sma!l garden planting of two rows, each 20 feet 
long, were infested. Practically all of the infested turnips were found in one row planted 
within 3 or 4 feet of a garage with wooden sidings which made contact with the soil, and 
it is believed the wood in the garage was the source of infestation 

Several turnips were carefully examined, and it was found that the older and more 
‘woody’ roots were most heavily infested. The interiors of some of the older roots were 
‘ompletely tunneled, the work being similar to that in wood attacked by these insects. 
From one root, whi h measured 5 inches in diameter, l ey) live worker and soldier termites 
were taken 
Max R. Ospurn, U.S. De partment »f Agr f Entomology and Plant Quaran- 
tine 8-9-37. 


f 


Determined by 


Notes on the Grape Leaf Folder and its Parasites in the San Joaquin Valley.— 
In a brief account of a localized outbreak of the grape leaf folder, Desmia funeralis Hbn., 
in California in 1982, Donohoe & Barnes (1934) noted heavy larval parasitization by 
Vicrobracon cushmani Mues. Severe infestations of the insect in the fall of 1936 resulted 
in extensive damage, particularly to the late-maturing Emperor variety of grapes in Fresno 
and Tulare counties. In many cases, following complete destruction of the foliage, the lar 


vae fed on the grapes. The latter attack, severe in itself, was followed by decay, and in 


some instances entire crops were rendered unmerchantable as fresh fruit. 
Ihe writers made a series of observations on parasites after the start of pupation of the 


overwintering brood. Parasitization of full-grown larvae by Microbracon cushmant was 


abundant in each of three widely separated infestations and approached 100 per cent by 
October 15. The average number of immature parasites per host larva was 8.3 on the basis 
of 44 records. Evidence was obtained that parasitization by Microbracon was reduced and 
grape leaf folder damage accentuated in vineyards dusted with calcium cyanide late in 
August and early in September for control of the grape leafhopper, Erythroneura comes 
may). Severe damage to grape bunches was noted only in ey anide-dusted v ineyards. 
Five species of parasites were reared from pupae collected during the fall and winter of 
1936-37. These have been identified by the Division of Inséct Identification, Bureau of 
Entomology and Plant Quarantine, as follows: Hymenoptera, Brachymeria ovata (Say 
} phialt $ sanguine pes Cress. ): Diptera, {na eto ps fortricis Coq , Zenillia ceratomyiae 
Coq., Nemorilla maculosa Meig. 

Parasitization of the last fall brood of pupae by these five species varied with the loca- 


tion and date of collection. The maximum parasitization obtained was 50.7 per cent at 
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Parlier, Fresno county, October 4, 1936. There is evidence that each species parasitizes 
the larva, persists during transformation of the host, and emerges from the pupa. Oviposi 
tion in pupae has not been observed. Ephialtes sanguineipes and Nemorilla maculosa over- 
winter within the host pupae. No information on the method of overwintering has been 
obtained for the other three species. 
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Sodium Lauryl Sulfate as a Contact Spray... During May 1937 a very heavy infes 
tation of Illinoia solanifolii and Myzus persicae on sweet potato plants in a greenhouse at 
Opelousas, La., was completely cleaned up by a single application of a sulfated fatty alcohol 
(Orrus W A Paste) used at the rate of 2 liquid ounces per gallon of water. A remarkable 
kill was also obtained against the common greenhouse red spider on foliage of the sweet 
potato and dahlia, and of the red spider on citrus, at the same dilution. This material 
sprayed direct into open flower blooms killed the flower thrips at once with no burning or 
staining. Greenhouse ants were killed immediately when wet with the spray as were also 
millions of adult mosquitoes. A single application against the scale Eriococcus azaleae on 
azalea bushes in commercial nursery and against the citrus whitefly, Dialeurodes citri, gave 
evidence of a good kill with no apparent injury. These results indicate that this material, 
in addition to its use as a wetting-out, penetrating and spreading agent with certain sprays, 
shows an extremely effective killing power against many soft-bodied insects when used 
alone at strong dilutions. It seems to have little effect on sow bugs and several kinds of 


beetles. 


Herpert L. Dozter, Louisiana De partment of Agriculture and Immigration, Ope lousas 
8-19-37. 


Sweet Potato Root Weevil Overwinters as Adult in Louisiana.—-On Noy. 25, 1936, 
two 3X6 foot screened ground cages were sunk in typical headland and ditch bank at 
Sunset, La., and 500 active adult Cylas formicarius placed in each. A cold spell on Decem 
ber 8 made the majority disappear but as soon as it warmed up the next morning a good 
percentage reappeared and were observed actively feeding on a few sweet potatoes retained 
in each cage. On December 24 these badly punctured potatoes were replaced by a few new 
ones and were placed in small cages indoors where large numbers of weevils developed in 
them, demonstrating that egg-laying had taken place freely during the month exposed. 

All potatoes were removed from both cages on January 10, 1937; leaving only the natural 
vegetation, such as bull grass, Bermuda grass, goldenrod and ragweed, available as possible 
food. Adults were observed in these cages on April 8 but in greatly diminished numbers 
and none appeared to feed on a few fresh potatoes placed in cage on April 20. This shows, 
however, that Cylas formicarius can winter over in enormous numbers in the heart of the 
sweet potato belt in Louisiana, during a mild winter at least, and live without sweet pota 
toes as food for at least three months. This evidence shows that the recommendation to 
plow headlands and burn ditch banks to reduce the weevil winter carryover is based on 
actual facts. 

Hersert L. Dozier, Louisiana Department of Agriculture and Immigration, Opelousas. 


9-15-37. 


Tyroglyphus longior Gerv. on Cultivated Mushrooms. <A species of mite which ap 


pears to be specifically identical with Tyroglyphus longior Gerv., as described by A. D 
Michael (1903) and Nathan Banks (1906), has been found commonly attacking cultivated 
mushrooms. All specimens of Tyroglyphus collected from cultivated mushrooms by the 
writer to date, including series from mushroom houses near Seattle, Wash., Chicago, IIl., 
and Kennett Square, Pa., prove to be the same species. 

All mites of the genus Tyroglyphus found attacking cultivated mushrooms in this coun- 
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try have heretofore been referred to Tyroglyphus lintneri Osb., a species which was de- 
scribed from specimens taken in a mushroom planting in New York. No specimens which 
could be referred to this species with any certainty have been seen by the writer. 
According to studies made by Michael and Banks, 7. longior may be distinguished from 
T. lintneri, as described, by the pectinate body bristles. Although the pectinations of these 
bristles are minute, they may be observed readily, with the aid of the low-power binocular, 
in living specimens or dry mounts. They are difficult to detect, however, in the instance of 


specimens mounted in balsam or other media 
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Rose Leaf Beetle in Pennsylvania.'—Nodonota puncticollis Say was recorded from 
Pennsylvania by Horn (1892). Stear (1920) first noted its injury to apple fruits. Manuscript 
notes of S. W. Frost reveal its increasing importance as an apple pest in south-central 
Pennsylvania from 1919 to 1935. Worthley (1937) reported the results of a survey of Adams 
county orchards by Merrill Wood in 1936 


Table 1.—Tests of lead arsenate against rose leaf beetle on apple. Tyson orchard, Idaville, Pa., 1937. 





TREAT- 
MENT 
No MATERIALS AMOUNTS PER 100 GaALs. 
Per cent 
Petal- Seven First Second injured 
fall day cover cover fruit 
May 21 May 28 June 7 June 17 June 21-24 


Lead arsenate,* Ibs 

Lead arsenate,* Ib: 

Lead arsenate,* Ibs 

Lead arsenate,* Ibs 

Soybean flour, Ibs 

Sprayed without super- 
vision, 5-6 gals. per 


tree, lead arsenate,* lbs. 2.2 





* A brand containing casein, to which hydrated lime dded except in treatment 4. All treatments 
at 2.5 gellons per 100 in the petal-fall, 2 gallons per 100 in the first cover, and 1.5 


eceived liquid lime sulfur 


gallons per 100 in the second cover 


Suspected larvae were found upon the roots of sweet clover in the summer of 1936. Two 
beetles were recovered from cages placed over these plants in the spring of 1987. Extensive 
digging in late May 1937 revealed pupae of this species in bare, oval earthen cells measur- 
ing 6 by 4 mm., and located one-quarter to 1 inch below the ground surface among the 
roots of red clover, sweet clover and pasture thistle in apple orchards They were not found 
under dock, wild onion, wild strawberry, shepherd's purse, goldenrod, rattlesnake weed, 
broad-leaved plantain or English plantain, plants that were also present in the ground 
cover. Newly formed adults found in pupal cells were of a raw sienna brown color. The 
normal iridescent vreenish or cuprous color was assumed before leaving the ground, and 
in one individual observed took 10 hours to dev elop, appearing first in the eyes, mandibles 
and pronotum. 

In 1937 beetles emerged from the ground over an 11-day period beginning May 28 
They were seen mating from June 5 to July 16, and by July 20 were difficult to find. Con- 


! Authorized for publication on August 31, 1937, as paper 784 in the journal series of the Pennsylvania 
Agricultural Experiment Station. 
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tinued observation during this time failed to reveal their oviposition habits, either in the 
field or in cages with suspected host plants. 

The beetles first fed upon the corollas of red clover, alsike clover and wild rose, and the 
leaves of pasture thistle. On June 6, when red clover was in full bloom, the beetles first 
attacked the fruits of apple, and the attack continued unti! June 22. Early varieties, and 
clusters of apples on the outer branches, appeared to be preferred As the beetles left apple 
they attacked the green seed pods of dock. Feeding was also observed on the flowers of red 
osier dogwood and white clover, and on the leaves of white avens, peach and plum 

In one Adams county orchard a block of mature York Imperial trees that was sprayed 
twice during the period of beetle attack in 1936 with lead arsenate, 2 pounds per 100 gal- 
lons, at the rate of about 4 gallons per tree, showed 23 per cent injured fruit. In 1937 vari- 
ous treatments were applied to single rows in this block, and replicated four times. Sprays 
were applied by the grower under supervision, and averaged 8.5 gallons per tree per ap- 
plication All the fruit (a light crop) on 160 trees was scored for beetle injury before the 
“June drop.” Although red clover beneath the trees was well populated by the beetles, 
all treatments kept beetle injury at a low point, as shown by the figures in table 1. Even 
the general spraying of the orchard, as represented by treatment 5, gave far better protec- 
tion than the less adequate schedule of 1936. Good coverage with lead arsenate, 3 pounds 
per 100 gallons, appeared to be sufficient, for increased dosage and the addition of soybean 
flour as a sticker showed no benefit. Starting to build the spray coverage before beetle 
attack helped to protect the apples (compare treatments 1 and 2). The sprays seemed to be 
of value chiefly as repellents, and no dead beetles were caught on sheets spread beneath the 
trees. Beetles were killed in numbers, however, when they continued to feed upon the 
leaves of young plum trees sprayed with lead arsenate. 
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Starvation of Developing Parasites as an Explanation of Immunity.— In undertak 
ing an investigation of the causes of immunity, it is not, at first, necessary to postulate a 
defensive reaction on the part of the host or the lack of counteraction on the part of the 
parasite. There is some evidence that immunity may be due to inanition or starvation of 


the parasite 

Muesebeck & Parker (1933) in their study of Hy persoter disparis as a parasite of the gypsy 
moth found that many of the eggs and larvae of the ichneumonid failed to develop This 
fact suggested that the adaptation of this parasite to the body content of the gypsy moth 
caterpillar was not complete. They state that, ““Apparently the egg or larva of the parasite 
dies before encystment occurs, perhaps because the medium in which the parasite finds it 
self is not altogether suitable for its development.” 

\ similar situation occurs in various species of coccids, i.¢., Pseudococcus gahani, P. citr 
Coccus hesperidum, ete., when attacked by certain chalcidoids 

\ simple explanation to account for the unsuitability (immunity) of a host for the com 
plete development of a parasite is that, as food, it is inadequate. In an unsuitable host the 
parasite succumbs while it is in a stage of rapid growth either as an embryo or larva 
Larvae that are not developing or growing are known to live for long periods in hosts un- 
suitable as food. For example, the planidium of Perilampus hyalinus, a parasite of Lim- 
nerium validum, is able to live for a considerable period within the body cavity of the fall 
webworm, Hyphantria cuned, 

Since the food requirements of parasitic insects differ, it is reasonable to assume that 
such requirements determine the suitability of a host for a parasite in much the same way 
that the food requirements of the Mediterranean fruit fly determine the kinds of fruit 
in which it can develop. 

The writer (Flanders 1937) recently found that the sexes of certain chalcidoids require 
different hosts. The female larvae of Coccophagus scutellaris, for instance, live in the body 
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fluids of lecanine scale insects; the males in the body fluids of hymenopterous parasites- 
The body fluids of the scale insects are unsuitable for the development of the male, evi- 
dently being inadequate as food. 

When unfertilized, as well as fertilized, eggs of Coccophagus gurneyi are deposited in a 
single individual of an immune host such as the mealybug Pseudococcus citri, embryonic 
development is completed in about three days. The fertilized (female) eggs hatch but the 
larvae soon die and are encysted. The unfertilized (male) eggs do not hatch as long as they 
are surrounded by the body fluids of the mealybug. The unhatched larvae, however, re- 
main alive for long periods with no evidence of the slightest immune reaction on the part 
of the host. Cendafa (1937) noted that such a larva that had lived for 80 days within a 
mealybug had molted once although no growth had occurred. It is not likely that a defen- 
sive reaction on the part of the mealybug would affect only the fertilized eggs and the 
larvae therefrom. The mealybug is unsuitable for the development of both the male and 
the female. The female dies, probably from starvation; the male lives since it is adapted 
to exist for long periods with little, if any, food 

The degree of immunity of various hosts to the progeny of a parasite does not appear 
to be correlated with their phylogenetic relationship but only with their physiological 
makeup. 
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Food Plants of Nodonota puncticollis Say..- Within recent years, various plants in the 
Hudson river valley have suffered rather heavy attacks from adults of the so-called rose 
leaf beetle, Nodonota puncticollis Say. An etfort has been made to determine the food 
plants of the adult and larva. 

Larvae and pupae were found during the spring of 1937 among the roots of the following 
plants growing in relatively dry soil: 7'rifolium agrarium L., hop clover or yellow clover; 
Potentilla canadensis L., cinquefoil or five-finger; Hieracium pratense Tausch., king devil; 
and Hieracium aurantiacum L., devil's paintbrush or Grim the Collier. This is probably an 
incomplete list of larval food plants. 


Table 1.—Plants on which adult rose leaf beetle feeds in Hudson river valley. 





Host Amount or InJury Norep on Various PLAnt Parts 
Flowering Parts Fruits Foliage 


Apple severe slight 
Peach severe slight 
Pear severe slight 
Blackberry severe 
Raspberry severe 
Strawberry severe 
American elm moder 
Basswood moder 
Hackberry slight slight 
Chokecherry slight slight 
Cinquefoil severe 
Virginia creeper slight slight 
Peony 
Rose 
Dogwood shrubs 

Cornus stolonifera Michx > severe severe 


Cornus paniculata L’ Her > severe moderate 
Cornus alternifolia L. severe moderate 
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Emergence records of the adults were taken from cages placed over hop clover, cinquefoil 
and king devil weed. A maximum of 30, minimum of .5, and average of 5.3 beetles per 
square foot was recorded from 76 square feet of soil caged during 1937. Unpigmented 
adults, pupae and full-grown larvae were found in the soil on May 27 and the last larvae 
on June 19. 

The earliest record of beetles appearing on plants was May 25 in 1936. During 1937 the 
first adults emerged in cages June 1, with the greatest emergence occurring between June 5 
and 10. The last adults emerged in cages June 25. Adults were observed to feed first on dog- 
wood shrubs growing near the reported food plants of the larvae and were later noted on 
a variety of plants. Beetles were feeding in greatest numbers during the second and third 
weeks of June ir orchards containing or adjoining extensive growths of the larval food 
plants. No feeding was observed in orchards after July 4, 1937. The last adults were seen 
resting on dogwood shrubs July 20, 1937 

Adults feed either singly or in groups. As many as a dozen beetles may be found feeding 
on a single fruit of apple, pear or peach. They leave shallow, finely chiseled scars on pear 
and apple fruits, but deep wounds are also produced on the latter. As a rule the feeding 
injuries on peach fruits are rather deep. The plants on which adults may feed in this area 
are given in table 1. Adults were also found resting upon a number of plants other than 
those listed and may occasionally feed on them. 

The plants injured by the adults almost invariably were located in close proximity to 
the plants listed as harboring the larvae. Thus examinations of C. stolonifera shrubs, a 
favorite adult host, growing approximately one-fourth mile from extensive growths of the 
larval hosts were found practically free of feeding. This may indicate that beetles travel 
only short distances in search of food. 

ACKNOWLEDGMENT.— Many of the plants mentioned in this note were kindly identified 
by Dr. Edith Roberts, Chairman, Department of Botany, Vassar College. 


Haroup M. Srerner and P. J. Cuapman, New York State Agricultural Experiment Station 
Genera 8-23-37. 


Leafhoppers and Homoptera of Related Families Collected in and Adjacent to 
Narcissus Plantings. For the past three years the writer has studied the insect fauna of 
narcissus plantings in connection with an investigation of the possible insect vectors of the 
disease known as narcissus mosaic. This note deals with the families Cercopidae, Membra- 
cidae, Cicadellidae, Fulgoridae and Psyllidae. Twenty species representing these families 
have been observed feeding on narcissus while others have been taken in narcissus fields 
with an insect net. On a few occasions nymphs have been seen on narcissus, especially 
where fields had not been cleanly cultivated. From observations made thus far, not a single 
species prefers narcissus to the native host, but uses it as an incidental or transitory host. 
Some of the species found to feed on narcissus are commonly taken in narcissus plantings, 
but more commonly in fields of weeds or in adjacent woods 

The species found to feed on narcissus are as follows: Aceratagillia sanguinolenta ( Prov.), 
Agallia constricta Van D., Aphalara calthae (L.), Aphrophora quadrinotata Say, ¢ hlorotettiz 
unicolor (Fitch), Chlorotettiz viridius Van D., Cicadula divisa (Uhl.), Draeculacephala 
mollipes (Say), Empoasca erigeron DeLong, Empoasca fabae (Harr.), Graphocephala coe- 
cinea (Forst.), Philaenus le ucophthalmus (L.), Philaenus lineatus (L.), Phlepsius trroratus 
(Say), Platymetopius acutus (Say), Platymetopius frontalis Van D., Polyamia inimica 
(Say), Stictocephala festina (Say), Stobaera tricarinata (Say) and Thamnotettix nigrifrons, 
(Forbes). 

In addition to these, many species of this group have been collected in woods and fields 
adjacent to narcissus plantings. A total of 157 species was collected in this work but will 
not be listed here. 

In cage tests some species have been four: to live on narcissus 10 to 15 days. These are 
Aceratagallia sanguinolenta, Agallia constricta, Cicadula divisa, Draeculacephala mollipes 
and Empoasca erigeron. Graphocephala coccinea, on the other hand, was found to live only a 
short time when restricted to a narcissus diet. 

None of the species tried have shown any positive evidence that they were vectors of the 
virus causing narcissus mosaic 


F. S. Buanron, U.S. De partment of fyriculture , Bureau of Entomology and Plant Quaran- 
tine.—8-30-37. 
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THE PROPOSED NEW CONSTITUTION AND BY-LAWS 


REVIOUS to the last annual meeting of the American Association 

of Economic Entomologists, a special committee submitted to the 
membership a proposed new Constitution and By-Laws. Few members, 
if any, were opposed to most of the provisions of this new Magna Charta 
for the guidance of our organization. Certain changes, however, proved 
to be exceedingly controversial in character and as a result no vote of 
the membership on its adoption was taken. 

Because of a real need for certain changes in the present Constitution 
and By-Laws, the subject was left open for further consideration and 
later action by the simple expedient of adopting a series of reeommenda- 
tions. In substance these recommendations recognized the need for a re- 
study of the document, requested the appointment of another committee 
to prepare a revised draft and ordered the distribution of this redraft to 
the active membership in ample time for a careful study of it before the 
next annual meeting. 

The next meeting of the Association is but a few days distant. The 
special committee has again expended much time and effort in producing 
a revised edition of this proposed new Constitution and By-Laws. This 
was submitted to the active membership during the summer and con- 
structive suggestions were invited. In this issue of the JouRNAL there is 
published the most recent report of the special committee which per- 
tains to final changes recommended to meet some of the criticisms ad- 
vanced by the membership. 

It is enlightening to note in reading this final report of the special com- 
mittee that only 34 of 1143 members responded to the request for com- 
ments or constructive criticisms. Either the membership as a whole is 
so well satisfied with the new redraft as to make comment superfluous or 
it is willing to let ““George”” make the suggestions now and then protest 
later if the changes are not all that are to be desired. 

Those members of the Association who have not already seriously 
studied the provisions of the proposed new Constitution and By-Laws 
should do so at once. All members should read the special committee 
report in this issue of the JouRNAL. Only by such effort can the members 
attending the next meeting of the Association at Indianapolis be pre- 
pared to vote intelligently upon a matter of so vital importance to the 
Association and the best future interests of economic entomology. 

It would be most unusual if all of us could agree on the wording and 
content of each article and section of the proposed revision. Enough 
thought and effort has gone into a consideration of the proposed major 
changes to eliminate the danger of omissions and errors of catastrophic 
proportions. Adoption of this proposed new Constitution and By-Laws, 
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perhaps with some additional changes here and there as may be ad- 
vanced at the meeting, should be a boon to the further growth and de 
velopment of the Association. 





Report of the Special Committee on 
Constitution and By-Laws 


MAJORITY REPORT 


At the last annual meeting of the Association it was voted that the 
President appoint a Special Committee to consider the final re-draft of 
the Constitution and By-Laws of the Association to be made by the 
Executive Committee, and make recommendations to be submitted to 
the Association at the next annual meeting. 

This re-draft was made and sent by the Secretary of the Association 
in midsummer to all members with the request that comments be in the 
hands of the Chairman of the Special Committee by September 10. 

The following Special Committee was appointed by the President: 
A. F. Burgess, Chairman; W. E. Britton, Arthur Gibson, C. L. Metealf 
and E. F. Phillips. 

As a result of sending these notices to 1143 members, 34 replies were 
received. Eight of these accepted the draft as written and 26 made nu- 
merous suggestions concerning proposed changes. A meeting of the Spe- 
cial Committee was held October 20 at New Haven, Conn., all members 
being present with the exception of Professor Metcalf. The President and 
the Secretary of the Association were invited to attend this meeting. 
President Bishopp was unable to do so, but Professor Cory was present. 

A full day was spent in discussing the re-draft and the suggestions for 
changes submitted by the members, and at the completion of the meeting 
those present unanimously approved the draft of the constitution re- 
vised by the Executive Committee with the following modifications: 

Article II, Section 2.—-In the last sentence delete the word “‘business”’ and substitute 
the words “official action.”’ After the word “except” add the word “‘on.”’ Delete the word 
“considered” and substitute the words “made public,” so that this sentence will read “No 
official action except on routine matters shall be made public without approval of the 
(ssociation.”” 

Article II, Section 4.——In the first sentence delete the words “existing entomological 
society or’ and the words “or any that may be formed hereafter” so that the sentence 
shall read “Any organization having aims and purposes in accord with those of the Ameri 
can Association of Economic Entomologists may petition this Association for affiliation by 
making formal application in writing.” In the eighth sentence following the words “Execu 
tive Committee” delete the word “the” and substitute the word “such” so that the 
sentence shall read ‘After consideration and approval of the application by the Executive 
Committee such organization will be enrolled as an affiliated society after approval by the 
Association.” Delete the last sentence in Section 4. 

Article III, Section 3.—In the first sentence, second line, delete the words “‘Associate 
member” and substitute therefor the word “person” so that the sentence shall read 
“Active membership may be conferred at any annual meeting on any person who has made 
or is making substantial contributions to the progress of entomology, after nomination by 
the Membership Committee and approval by two-thirds of the Active members present 


Article III, Section 4. Delete the last sentence 
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Article III, Section 5.——After the words “member for life” insert the following “and 
members who have retained continuous membership for twenty-five years or more may 
also become members for life upon payment of $50.00. Such members,” so that the section 
shall read ““Any member who shall pay to the Association the sum of $100 shall become a 
member for life, and members who have retained continuous membership for twenty-five 
years or more may also become members for life upon payment of $50. Such members shall 
thereafter be exempted from dues and shall be furnished with the JournaL or Economic 
Enromo.ocy without further charge.” 

Article III, Section 6. This section has been revised to read as follows: “Section 6. 
Members in good financial standing have the right to resign. The right to terminate the 
membership of any member for due cause is reserved by the Association, but shall not be 
done, except for nonpayment of dues, until opportunity is given such member for defense 
before the Executive Committee.” 

Most of these changes have been made as a result of suggestions sent 
in from the members. The change in Article II, Section 2, removes the 
limitation concerning transaction of business but requires the approval 
of the Association before official action is made public. In Section 4 the 
changes in the first sentence simply eliminates words which seemed to be 
unnecessary and the change in wording in the eighth sentence makes the 
statement more specific. The last sentence in Section 4 seems unneces- 
sary as the thought is already covered in the first sentence of this section. 

Article II], Section 3 provides that any person may be made an Active 
member whose work and accomplishments warrant such action. This 
section lays down a general rule and will make it necessary for the Asso- 
ciation to establish definite standards which can be modified by action 
of the Association when necessary without involving an amendment to 
the Constitution. 

The last line in Section 4 eliminates the provision that all Foreign 
members shall be enrolled as Honorary members. Under the present 
Constitution all Foreign members are Honorary members and the Com- 
mittee did not think it necessary specifically to provide in the Constitu- 
tion for a transfer to Honorary membership. 

The Committee felt that definite agreements or commitments that had 
heen made by the Association should not be revoked except by mutual 
consent and on this principle it was decided that Branches and Sections 
which had been admitted to this Association under definite agreement 
that their executive officer would become a Vice President of the Asso- 
ciation, should not be changed without mutual agreement; that the 
\ssociate members who automatically became Active members when 
the Constitution was revised so as to eliminate Associate membership, 
should continue as Active members and that Foreign members who had 
heen admitted as Honorary members under the present Constitution 
should be transferred by vote of the Association to the Honorary list. 

The change in Section 5, making it possible for those who had been 
members continuously for twenty-five years to become members for life 
by a payment of $50, seemed desirable not only for the membership, 
but for the best interests of the Association. 

The Committee felt that Section 6 was not worded in such a way as 
to be clear, and that considerable confusion in its interpretation might 
result. It also felt that the Association had the right to terminate mem- 
hership of any member who might carry on practices which were detri- 
mental to the best interests of the Association, but that an opportunity 
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should be given for the member to present his case to the Executive 
Committee before action is taken. 

The Committee recommends that the re-draft of the Constitution 
made by the Executive Committee with the exceptions above noted be 
approved by the Association. 

A. F. Burcess Chairman 
W. E. Brirron 
ARTHUR GIBSON 
E. F. Puartiiures 


MINORITY REPORT 


I regret that I find myself unable to agree with my honored colleagues 
on this committee in two very important respects. Knowing that a con 
siderable number of other members feel as I do about these matters, | 
present this minority recommendation in order that the members of the 
Association may have the alternate ideas brought to their attention at 
least for a full and fair consideration and possibly for adoption if the 
majority of the members agree that these ideas are better for the welfare 
of the Association than those presented in the majority report. 

At the forty-eighth meeting of the Association in St. Louis, the Asso 
ciation abandoned the distinction between Active and Associate mem 
bership, because it was felt that the difficulty of distinguishing between 
the two groups was too great, that many injustices were done, and that 
there were so many “forgotten men” who were never advanced to Active 
membership because their merits were not appreciated or considered. 
According to the report of the Special Committee at the forty-eighth 
meeting, the letter vote was 50 to 1 to abolish the distinction between 
Active and Associate membership. 

Now it is proposed to return to the previous practice and I do not 
find that the Special Committee has advanced any evidence to show that 
the judgment of the Association two years ago was faulty. I believe that 
all of the difficulties expressed by the Special Committee in paragraph 3 
on page 245 of the JourNaAt for February 1936 still remain. As a matter 
of fact, the situation would be even a little worse now than formerly 
because we would advance with the additional possible injustice that, 
in the meantime, all who were Associate members at the time of the St. 
Louis meetings have become Active members, without ever having been 
subjected even to the indefinite and poorly defined tests formerly applied. 

It seems to me probable that the decisive vote of the Association at 
the St. Louis meeting against Active and Associate memberships was 
not so much an objection to two classes of membership, per se, as to the 
method of selecting members for the higher classification. I do believe 
that there should be a distinction between Active and Associate member- 
ship in the Association. I believe that the right to vote and determine 
the policy of the Association should not be extended to all whom we 
might welcome to affiliate membership. I therefore propose as a substi 
tute for Article II], Sections 2 and 3, the following ideas. 


Article III, Section 2. Anyone interested in the study or practice of entomology ma) 
become an Associate member upon recommendation of the Committee on Membership, 
after a regularly executed application, accompanied by the required fee and endorsed by 
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two Active members, has been filed with the Secretary-Treasurer, by a two-thirds vote of 
the Active members voting at any regular meeting. 


Section 3.—Active membership may be conferred at any regular annual meeting upon 
any person interested in the study or practice of entomology, who is a graduate of a recog- 
nized or accredited college or university, and who has had three years of professional ex- 
perience in entomology (such as employment in a federal, state or provincial department of 
entomology, experiment station or educational institution, or who has engaged in a pro- 
fessional, administrative or commercial work in entomology and closely related fields), 
subsequent to such graduation. Graduate study in entomology at a recognized or accredited 
institution may be substituted year for year for the required experience. All educational 
requirements may be waived for those who have had at least ten years’ experience in 
professional, administrative or commercial entomological work. Qualified persons may be 
elected to Active membership at any annual meeting, upon recommendation of the Com- 
mittee on Membership after a regularly executed application, accompanied by required 
fees and endorsed by two Active members, has been filed with the Secretary-Treasurer, 


by a two-thirds vote of the Active  subers voting at such regular meetings. 
This is a definite, tangible. :dstick by which the qualifications of a 


member for Active membership can be measured, and surely all who can 
qualify for Active membership as defined above are sufficiently acquainted 
with the aims and interests of the American Association of Economic En- 
tomologists to be safely entitled to a vote in its affairs. 

There are probably persons who desire affiliation with this Association 
whose chief or only claim to being called entomologists is that desire. I 
think we should welcome their affiliation as Associate members, but I 
do not think we should give opportunity to persons not qualified by 
training, or experience, as entomologists, to have a voice in the determi- 
nation of Association policies, for it is conceivable that their numbers 
might become sufficient to outweigh the vote of those whose training and 
experience better qualify them to guide the Association wisely. 

If the Association still wishes to make a distinction between those who 
have made “substantial contributions to the progress of entomology” the 
opportunity to do so is already available under the provision of Article 
III, Section 4, for Honorary membership. Let us use the rank of Honor 
ary membership more freely than it has been in the past. It is, perhaps, 
fine for a few of our most revered entomologists to be designated Honor- 
ary members, but I believe much more good would accrue to the Asso- 
ciation if a hundred or so of those whose names will occur to almost 
everyone as representing the “Royal Guard” of the Association, were to 
be designated Honorary members, without waiting until they are tottering 
into their graves. The wider employment of the Honorary membership is, 
however, not essential to the distinction between Active and Associate 
membership advocated above. 

The second point in which I find myself unable to agree with the ma- 
jority report is with reference to the Publication Committee. I believe 
it would be better for the Editor and Associate Editor to be nominated 
by the Executive Committee of the Association and elected by ballot of 
the Active members. The Executive Committee is made up of those per- 
sons presumably best informed and most interested in the needs and 
affairs of the Association. The members of the Publication Committee 
should be selected for their editorial ability in certain, special, restricted 
fields of entomology and might conceivably be very poorly informed and 
very little interested in the general policies of the Association. I believe, 
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also that the number of persons on the Publication Committee should bx 
left flexible, so that, as new fields or special phases of entomology de 
velop, it shall be possible to elect someone to represent these specia 
phases on the Publication Committee. I believe, also, that it would be 
desirable to have a shorter term than five years for members of the Pub 
lication Committee. In case any member does not serve to the satisfac 
tion of the Editor his place could more promptly be filled by someon 
who would function. If provision is made for the reelection of members 
of the Publication Committee, the desired continuity of service for capa 
ble and willing committeemen would be adequately provided for. 

I would therefore suggest the following as a substitute for Article III, 
of the By-laws, Section 2: 

Article III, Section 2. The Editor, Associate Editor and Publication Committee shall 
be elected by the Association upon nomination by the Executive Committee, with the 
advice of the Editorial Board. The Publication Committee shall consist of ten or more 
members who shall be elected for terms of two years each, so arranged that half of the 
members are elected annually. There shall be no prejudice against reelection of members of 
the Publication Committee. The members of this Committee shall have an advisory rela 
tion to the above constituted Editorial Board. 


This would make the Publication Committee a servant of the Editorial! 
Board rather than make the all-important posts of Editor and Associate 


Editor the toys of the Publication Committee. 
C. L. Mereaut 





Review 


Statistical Methods, by George W. Snedecor. 341 pp., 1937. Collegiate Press, Inc 
Ames, lowa. $3.75. 


How shall statistical methods be geared to the efficient utilization of data so that the 
novice will be able to manipulate the gears not only more intelligently but more easily 
than has been possible up to the present time? Statistics, data, novice—these are the fa 
tors that have motivated Professor Snedecor in the writing of this text. 

The book as a whole is comprehensive and profusely illustrated with practical resear 
problems. It brings together in a convenient form a résumé of the methods that have bee: 
used by advanced workers. It will save much time formerly consumed by the necessity 
of fitting together the numerous articles appearing in scientific journals and advanced 
texts. For the worker who wishes to go beyond the pages of this book there is provided 
an ample bibliography at the end of each chapter. Here and there throughout the pages 
can be found suggestions and advice which will contribute to better publications. 

To some, particularly the experienced, the treatment of the subject matter may appear 
tedious and tiresome. The author was not unaware of this possible criticism. Professor 
Snedecor justified his approach by his apparent belief that the novice, for whom the book 
was written, should begin on the first page rather than in the middle of the book. He 
handled his subject matter from a developmental viewpoint. In general, statistics is held 
to be a mode of thought or a point of view which must be synchronized with the biological, 
not something to be superficially attached to it. 

(n examination of the book, however, leaves one with the feeling that the author is too 
optimistic in his expectation that this work can be “readily understood by the lay reader 
Although this text is one of the best yet written for beginners and will undoubtedly re 
ceive wide acceptance and welcome by entomologists, its mastery will require something 
more than casual reading. It will be “readily understood” only by the lay reader with a 


} 


real desire to learn. 


L. L. Husper.—11-9-37. 
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Current Notes 


WHITE ARSENATES FOR AGRICULTURAL INSECTICIDES TO BE COLORED PINK 
TO IDENTIFY THEM AS POISONS 


With a view of preventing possible cases of poisoning, white arsenates, such as lead 
arsenate and calcium arsenate, which are universally used as agricultural insecticides, will 
be given a distinctive pink color, under a voluntary agreement of the producers of these 
chemicals, it was recently announced at the offices of the Manufacturing Chemists’ Asso- 
ciation, Washington, D.C. 

This safety measure has been adopted after a five-year study and extensive tests to ob- 
serve the results, which indicate that the change of color should provide a satisfactory safe- 
guard against white arsenates being mistaken for materials for household or other uses. 

Lead arsenate now being produced for the 1938 crop season is colored pink, while the 
color of calcium arsenate will also be changed from white to pink when present stocks of 
the insecticide are exhausted. 

The United States Public Health Service, and medical and agricultural authorities com- 
mend the action of the manufacturers of agricultural arsenates. 


CONFERENCE OF CONNECTICUT ENTOMOLOGISTS 


The fourteenth annual conference of entomologists working in Connecticut was held in 
the Assembly Room at the Connecticut Agricultural Experiment Station, New Haven 
Conn., on Thursday, October 28, 1937, beginning at 10 a.m. Dr. Philip Garman was elected 
chairman, and 109 persons were present. Luncheon was served by members of the entomol- 
ogy department staff. 

The following program was fully carried out 

Greeting, Director We. L. State, New Haven, Conn. 

Some Entomological Features of 1987, W. E. Brrrron, New Haven, Conn. 

Shade Tree Insect Developments in 1987, E. P. Fevr and 8. W. Bromuey, Stamford, 
Conn. 

The European Spruce Sawfly Situation in the United States in 1937 (lantern slides), 
H. J. MacAvoney, U.S.D.A., New Haven, Conn 

Preliminary Work with European Spruce Sawfly Parasites in the United States, P. B. 
Dowpen, U.S.D.A., New Haven, Conn 

\ Review of the Japanese Beetle Situation (lantern slides), C. H. Hapuey, U.S.D.A., 
Moorestown, N. J 

Report on the Federal Gypsy Moth and Brown-Tail Moth Work, A. F. BurGess, 
U.S.D.A., Greenfield, Mass. 

Recent Developments in Insecticidal Control of the European Corn Borer (lantern 
slides), C. H. Barcuetper, U.S.D.A., and Neety Turner, New Haven, Conn 

Some Motion Picture Records of Connecticut Insects, Pror. A. L. Metanper, New 
York, N. ¥ 

The Periodical Cicada; Occurrence of Brood XI in Connecticut in 1937 (lantern slides), 
Pror. J. A. Manter, Storrs, Conn 

Notes Concerning Some of the Stalk Borers of Connecticut, Henry Biro, Rye, N. Y. 

Some Observations on the Larval Instars of Hylurgopinus in Massachusetts, W. B 
Becker, Amherst, Mass. 

Further Observations on the Control of the Apple Maggot and the European Red Mite 
(lantern slides), Puttip Garman, New Haven, Conn 

Control of the Carpenter Ant in Telephone Poles (lantern slide), R. B. Frrenp, New 
Haven, Conn 

Damage to Houses by Powder-Post and Anobiid Beetles (lantern slides), Nerv 
TurNeER, New Haven, Conn. 


Correction: Dr. S. W. Frost was by error announced to have become head of the de- 
partment of entomology at Pennsylvania State College, according to information received 
in time for the October JourNat. Dr. E. H. Dusham is head of the department of zoology 
and entomology at the college, and Dr. Frost is in charge of the entomological work. 
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COTTON STATES BRANCH WILL HOLD THIRTEENTH ANNUAL MEETING 
IN NEW ORLEANS, FEBRUARY 3 TO 5, 1938 


The Cotton States Branch will hold its thirteenth annual meeting in the Jung hotel at 
New Orleans, La., February 3 to 5, 1938. Oliver I. Snapp, secretary-treasurer of the 
Branch, requests that titles of papers for the program be mailed to him as soon as possible 


Proressor P. J. Parrott has been made director of the New York State Agricultural 
Experiment Station at Geneva, effective January 15, 1938, upon retirement of Dr. U. P. 
Hedrick, present director. Professor Parrott has been vice director of the station since 
1928.—Sctence 86:418. Nov. 5, 19387. 





Horticultural Inspection Notes 


THE FEDERAL domestic quarantine relating to the Mexican fruitfly was revised, effective 
October 15, to add a part of Jim Wells county, Tex., to the regulated area, to fix a host-free 
period from May 1 to August 31 of each year subject to modification, to add fruits of spe- 
cies of the genus Sargentia to the list of hosts, and to make other changes. 


HekBARIUM specimens when dried, pressed and treated, and so labeled on the container 
were exempted from Japanese beetle certification in a revision of circular B.E.P.Q.-386, 
issued September 13, 1937, by the Bureau of Entomology and Plant Quarantine. 


Feperat plant quarantine restrictions on the importation into the United State of 
frozen-pack fruits and their interstate movement from Hawaii and Puerto Rico, are 
covered in circular B.E.P.Q.-462 of the Bureau of Entomology and Plant Quarantine, dated 
September 15, 1937. 


Mississippi placed a quarantine, on October 5, relating to the white-fringed beetle 
Naupactus leucoloma, and Alabama and Florida have amended their quarantines to cover 
additional infested areas and to include cotton seed, lint, linters and gin trash in the wide 
list of products under restriction. 


Tue Artzona Commission of Agriculture and Horticulture has announced that the 
evergreen shrub Evonymus japonica will be accepted in Arizona when fumigated according 
to specifications, it appearing that the plant can be successfully fumigated so as to kill the 
red scale. The quarantine was accordingly amended on September 20. 


Tue CaLirornia quarantine relating to the alfalfa weevil was revised, effective Septem- 
ber 16, modifying the area in Nebraska under quarantine, clarifying provision for entry of 
hay into the eastern mountain and foothill section of California, providing for year-round 
entry of alfalfa meal from approved mills, and eliminating restrictions on salt-grass pack- 
ing hay from Utah. 


Cuances in the California quarantine relating to the vetch weevil, which became effec- 
tive September 14, bring Georgia and South Carolina under regulation and increase the 
period during which vetch seed must be exposed to hydrocyanic gas fumigation from four 
to 24 hours. 


Tue ALABAMA quarantine relating to the sweet-potato weevil was revised, effective Sep- 
tember 16, and amended on October 11, establishing certain sanitation requirements as 
to planting and digging sweet potatoes in Alabama, and requiring certification from other 
infested states. The area as extended comprises the entire states of Florida, Louisiana and 
Texas, four Georgia counties, nine Mississippi counties and parts of two Alabama counties. 


Tue OKLAHOMA embargo on Louisiana sweet potatoes and the plants was modified, 
according to a statement in a recent railway circular, to permit entry during the period 
from July 1 to January 30 under the provisions of the quarantine. 
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Corn root webworm on tobacco, 564 
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webworm, 134 
Cotton aphid, 898 
Cotton boll weevil, 785 
Cotton flea hopper, 119, 125, 130, 712, 848 
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Cotton insects, 864 
Cotton leaf hopper, 863 
Cotton thrips, 855 


species of, 857 
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Cryptieropsis orbus, 595 
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derivatives, 512 
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Dictyophora microrhina. S64 runneri, SO5 
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Hylurgopinus rifipes, 98, 375 
Hypera postica, 375 
punclata, 7, 375 
Hypersoter disparis, 970 
Hyphantria cunea, 970 
Hypoderma lineatum, 30 


Illinoia pisi, 578 
solanifolii, 968 
Illustrative material, 461 
Importation, two chalcid parasites, 370 
Indian-meal moth, 680 
Insecticidal properties, 
158 
Insecticides, blowfly larvae, 876 
coal-tar distillates, 374 
colored, 305 
laboratory studies, 179 
Insect, nose-breather, 522 
Insects, affecting man, 9 
common names approved, 527 
common names, official, 341 
dissemination by air currents, 458 
orchard, 413 
scale, in greenhouse, 377 
shade tree, 71 
therapeutic uses, 41 
therapy, 49 
Insemination, queen bees, 700 
Inspectors, apiary, 632 
Inspection, nursery, 610 
Inspection service, Canadian, 599 
Ips pini, 98 
Tseropus coelebs, 74 
Itoplectis atrocoralis, 784 
conquisitor, 322 
Trodes heragonus cooke 
ricinus californicus, 
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55 
Japanese beetle, 562 
repellants, 81 
suppression in St. Louis, 611 
Juniper webworm, biology and control, 320 
Juniperus communis, 320 


Karaya gum, 431 
Kolla hartii, 8638 


Laphygma frugiperda, 201 
Larch sawfly, parasites of, 381 
Lariophagus 

distinguendus, 563, 629 
Laspeyresia caryana, 840 
Lead arsenate, 407 

dusts, 399 

substitutes, 82 
Lead residues, 174 
Leafhopper genitalia, preservation of, 372 

potato, 772 
Leafhoppers on narcissus, 972 
Lecanium nigrofasciatum, 663 
Leperisinus fraxini, 6 
Lepidosaphes ulmi, 651 
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Leptothrips mali, 859 
Light traps, 297, 417, 422 
Lime sulfur, for forest tent caterpillar, 678 
Limothrips cerealium, 859 
Lineodes integra, 451 
Liothrips varicornis, 448 
Listroderes obliquus, 804 
Lucilia caeruleiviridis, 731 
claria, 731 
cuprina, 731 
sericata, 32, 44, 731 
Lycophotia margaritosa, 199 
Lygus prate nsis, 864, 865, 867, S68, 869 


Macrocentrus amicroploides, 784 
ancylivorus, 380 
Macrosiphum pisi, 573 
rosae, 911 
rudbeckiae, 910 
sanborni, 571 
solanifolii, 911, 912 
Magnolia glauca, 292 
soulangeana, 292 
stellata, 292 
Malacosoma americana, 72, 343 
disstria, 678 
Malaria, 20 
Malaria and mosquitoes, 27 
Manestra picta, 323 
Mansonia, perturbans, S844 
Maruta cotula, 864 
Mealybug parasite, 756 
Melanoplus birittatus, 619, 769 
differentialis, 619, 769, 907, 909 
femur-rubrum, 619, 907 
mexicanus, 619, 769, 907 
Members, list, 249 
Mesoleius tenthredinidis, 381 
Methyl! bromide fumigation, 381 
Mexican fruitfly, 793 
Microbracon brevicornis, 842, 844 
cushmani, 967 
hebetor, 678 
kirkpatricki, 14, 842, 844 
mellitor, 838, 844 
mellitor, 840 
platynotae, 839 
Microdontomerus anthonomi, 379, 629 
fumipennis, 785 
Microgaster comptanae, 379 
Mites, parasitic, 69 
Mormon cricket conference, 810 
Mosquito control, and wildlife, 17 
in Maryland, 711 
proceedings of New Jersey Association,386 
Mosquitoes and malaria, 20 
of Arkansas, 743 
attraction of to sources of radiant energy, 
809 
control of, 10 
flood water, 940 
Mosquito larvae, oil against, 328 
toxicity of phenothiazine derivatives, 361 
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Musca domestica, 32, 363, 367, 478, 731, 873, Paris green, against confused flour beetle,681 
917 composition, 804 
Muscina stabulans, 31 homologs of, 140, 958 
Mushrooms, injured by mites, 968 physical properties, 913 
Myiasis, 735 Pavement ant attacking eggplants, 312 
forms of, 39 Pea aphid, 439, 573 
of baby, 678 Peach mosaic, 902 
of man, 28 Peach borer moths, 215 
Myzus cerasi, 912 Pea weevil, effect on seed peas, 664 
circumflerus, 912 Pecan nut casebearer, control of, 761 
persicae, 307, 308, 578, 910, 911, 912, 968 Pectinophora gossypiella, 837, 838, 842 
porosus, 159 Pediculoide s ventricosus, $22 
pseudosolani, 912 Periodical cicada, Brood X in Maryland, 
287 
Names, common, of insects, 527 Pe riphyllus negundinis, 911 
Naphthalene, use in carbon bisulfide, 332 Perisierola cellularis punctatice ps, 840 
Nasutoides frontalis, 863 Permanent fund, 229 
Nematus ericksonii, 381 Phanerotoma tibialis, 681 
Nemorilla maculosa, 967 Phaseolus latheroides, 279 
Nicotiana sylvestris, 724 Phenothiazine derivatives, toxicity to mos- 
Nicotine fumigation, 571, 576 quito larvae, 361 
in oil, 167 Phlepsir s ercultus, 863 
peat, 648 trroratus, 863 
sprays, 451 Phragmites communis, 911 
for thrips, 427 Phormia regina, 32, 44, 873 
Nodonota puncticollis, 971, 969 Phorocera erecta, 784 
Nominus pygmaeus, 5 Phyctaenia rubigalis, $51 
Non aicotine, 724 Phyllophaga implicita, 615 
Nursery inspection, 610 Phyllotoma nemorata, 344 
Pieris rapae, 326 
Oblique-banded leaf roller, 780 Pineus strobi, 343 
Oestrus ovis, 32 Pink bollworm, 384, 837, 838 
Official roster, 247 imported parasites, 842 
Oil, mineral, deposit of on orange leaves,  Piophila casei, 31 
$55 Pityoge nes hopkinsi, 98 
Oncometopia lateralis, 863, 864 Plant Quarantine Section, 243 
undata, 863, 864 Plasmodium vivax, 41 
Onion thrips, 964 Platyedra gossypiella, 384 
control of, 332 Plochinous amandus, 595 
Ophyra leucostoma, 873 Plodia inter punctella, 6, 681 
Orchestes pallicornis, 413 Plum curculio, 413 
Oriental fruit moth baits, 693 Plutella maculipennis, 326, 443, 676 
Ornithodoros hermsi, 52 Poison bait, 564 
parkeri, 55 Poison baits, corn earworm, 116 
talaje, 55, 70 Pollen substitutes, 637 
turicata, 52 Popillia japonica, Sl 
Orphylella speciosa, 619 Porthetria dispar, $84, 458 
Oyster-shell scale, control by tar oils, 651 Potato leafhopper, 772 
on peanuts, 561 
Pacific Slope Branch, 230 repellant, 454 
Palm-leaf miner, 590 Potato wart in Pennsylvania, 606 
Papilio polyxrenes, 348 disease, 721 
Parasite of clover leaf weevil, 37: Prionus laticollis, 215 
of mealybug, 756 Pristomerus agalis, 681 
Parasites of strawberry leaf roller, 379 Proceedings, Cotton States Branch, 389 
of Thrips tabaci, 799 Eastern Branch, 243 
grape leaf folder, 967 Forty-ninth Annual Meeting, 227 
starvation of, 970 Prociphilus fraxinifolii, 912 
Parasitic mites, 69 Psallus seriatus, 119, 125, 130, 848 
Parasitism of codling moth, 681 Pseudococcus brevipes, 370 
Paratetranchus citri, 934, 940 citri, 970, 971 
Paratetranychus puosus, $15 comstocki, 71 
Paratrioza cockerelli, 377, 379, 891 gahani, 970 
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Pe udococcobius te rryi, 756 Settling of dusts, 599 
Psilopa petrole 1, 3 Shade tree conference, 808 
Psorophora ciliata, 344 Shade tree insects, 71 
Psyllid yellows, potatoes, 891 Silkworms, for determining lethal doses, 
Pyrausta nubilalis, 271, 280, 297, 965 689 
Py rethrins, 210 Sitodrepa panicea. 348, 563 
Pyrethrum, against cabbage worms, 323 Sitona hispidula, 7 
effect on houseflies, 917 Soaps, effect on lead arsenate, 583 
Sodium arsenite, effect of on houseflies, 363 
828 Sodium lauryl sulfate, 968 
) Sorgum webworm, 869 
Soybean caterpillar, 278 


tolerance of animals to, 921 
use of in oil against mosquito lary 
Pyrocide L for control of squash bug, 


ae, 
Q> 
Jie 


Radiographs, Grenz, of sulfur dispersion, Spanish fly, 48 
$95 Spicaria prasina, 279 


Ragweed borer, 108 S pilochaleis delumbis, 379, 380 
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Raisin moth, 678 Spray residue removal, 7 
Mt Spraying, mineral oil, 355 


Range grasshopper, 
Rearing stable fly, 367 Spreaders, 404, 427, 451 
Red spider, control of, 512 Spreading agents, 962 
Report, Advisory Committee, Journal, 241 | Spray deposits, 879 

Central Plant Board, 225 Squash bug, gypsum for control, 375 

Committee on Amendments to Constitu- Stable fly, rearing of, 367 

tion, 239 Stickers, 398, 404 

Committee on cooperation with Pest Stictoce phala festina, 864 

Stomatothrips flarus, 859 


Control operators, 241 
Stomorys calcitrans, 367, 369, 478 


Committee on membership, 240 
Eastern Plant Board, 225 Strawberries, infested by field crickets, 137 
Executive Committee, 231 Strawberry leaf roller parasites, 379 
Nominating Committee, 241 weevil, contro! of, 437 
Pacific Slope Branch, 814 Stretchia plusiac formis, 900 
Resolutions Committee, 239 Sugar beet leafhopper, 210, 687 
Secretary, 49th Annual Meeting, 227 Sugar beet webworm, breaking dormancy 
Southern Plant Board, 225 in, 380 
Residues, lead on apples, 174 Sugar cane mite, 677 
Reticulitermes flari pe s, 94, 340, 967 Sulfated higher alcohol against greenhouse 
Rhagoletis pomonella, 294, 413 scales, 377 
Rhipicephalus sanguineus, 56, 70 Sulfur dispersion, 395 
Rhopalosiphum prunifoliae, 911 dusting, 130 
Rhus glabra, 49 red spider control, 512 
Robinia pseudocacia, 279 Summer oil, 407 
Rose leaf beetle, 969 Summer-oil emulsions on peach, 658 
Rotonone, poisons honey bees, Sweet potato root wees il, 968 
Royal jelly, Vitamin E, 642 
Tabanus atratus, 79 
Sarcophaga bullata, 31, 32, 731 daeckei, 479 
haermorrhoidalis, 31 lineola, 479 
marionella, 731 nigrovittatus, 479 
pallinerris, $1 sulcifrons, 479 
placida, 32 Tae niothrips simplex, 427 
Scale insects, use of sulfated higher alcohol, Tarsonemus bancrofti, 677 
377 Tarus cuspidata, 71 
Schistocerca americana, 620 Temperatures, effects of subzero, 482 
lineata, 620 Tenebrio molitor, 956 
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Scohicia decliris, 8 Tephrosia loricaria, imsecticidal value of, 


Scolytus multistriatus, 458 679 
rugulosus, 348 Termite control, 86 
Scotch pine weevil, 215 companies, 94 
Screwworm flies, 740 in N.E. United States, 
Seutigerella immaculata, 886 Termites infesting turnip 
Sedimentation analysis of calcium arsen- in New Jersey, 337 
ates, 466 Terrapin scale, 665 
Sericothrips rariabilis, 855, 859 Tetramorium cae spitum, « 


Sesban macrocarpa, 279 Tetranychus telarius, 159, | 
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Therioaphis tiliae, 72 Ulmus americana, 375 
Thripoctenus brui, 799 U. S. Bureau of Entomology and Plant 
russelli, 799 Quarantine, accomplishments, 597 
Thrips panicus, 858 
parasite, 78 Vetch bruchid, 621 


tabaci, 335, 27. S58 
Thyanata custator, 210 
Thylodrias contractus, 372 
Ticks, and disease in man, 51 
Tobacco council, 809 
flea beetle, 790 
weevil, 804 
Tomatoes, greenhouse, 451 
infested by Paratrioza cockerelli, 379 


Webworms. sod, 2138 
Western pine beetle, 482 
Wetting agents, 962 
Wheat pest, 670 
White grubs, in Iowa nurseries, 615 
Wireworm control, 212, 332 
Wohlfahrtia meigenii, 678 

rigu, 30, 39 





Tribolium confusum, 560, 576, 681 Vylotrech olonus, 338 
Trichogramma minutum, 279 

Trifolium agrarium, 971 Zatropis incertus, 629. 841 
Trioza fripunctata 72 Zenillia ce ratomyiae, 967 
Tritoge naphis ambrosiae, 431 Zine arsenates, 398 


Tyrogly phus longior, 968 Zine oxide. 561 
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Fumigants 





A wide range of effective chemicals with 
varying degrees of volatility now available 





jee widely used industrial fumigants are suited to protecting prod- 
ucts stored in packages or in bulk. Each one combines a low cost 


per unit treated v’. maximum effectiveness and minimum hazard. 


ETHYLENE OXIDE, a gas, actually destroys all the life stages of 
insects, including their eggs. Proper application will prevent the possi- 
bility of dormant insects becoming active when a treated product is 
removed from storage. It also devitalizes mold spores and certain bacteria. 
However, Ethylene Oxide is flammable. 


“CARBOXIDE”* is a gas composed of the fumigant, Ethylene Oxide, 
plus sufficient non-flammable carbon dioxide to render the mixture safe 
under normal conditions. The carbon dioxide also decreases the dosage 
and time of exposure necessary. “Carboxide” is especially suited for 


treating foodstuffs since it leaves no obnoxious odors, tastes or residues. 


ETHYLENE DICHLORIDE is a volatile liquid which can be used 
alone or as a non-flammable mixture with carbon tetrachloride. This mix- 
ture, called “Chlorasol,” is valuable in fumigating furs, furniture, rugs, 
grains and a variety of other commodities. 

Other aliphatic chemicals of interest to the research entomologist are 


available. Additional data will be gladly supplied on request. 
*Trade- Mark 


CARBIDE AND CARBON CHEMICALS CORPORATION 
Unit of Union Carbide and Carbon Corporation 


UCC) 
30 East 42nd Street, New York, N. Y. 


PRODUCERS OF SYNTHETIC ORGANIC CHEMICALS 


















































BALTIMORE 











STANDARDIZED 


ANALYTICALLY AND BIOLOGICALLY 


M 


plete testing laboratories in the insecticide industry. 


The quality of ingredients used in these insecticides is verified 
at all times by chemical assay, and their killing power is tested 


by actual applications to live insects. 
Write for free spraying and dusting chart No. 129. 


RED ARROW GARDEN SPRAY: The most highly 


concentrated pyrethrum soap spray on the market. 


RED ARROW GARDEN DUST: Contains 4% ro- 


tenone. Use as dust or combine with water as wash. 


RED “A” SOAP: A liquid neutral potash coconut 
oil soap with 40% soap content. It is an insecticide it- 
self—also an ideal activator and spreader for use with 
Red Arrow, reducing the cost of the spray solution. 


BLACK ARROW DUST—5000: A combination of very 


finely ground pyrethrum with other insecticidal factors. 


BLACK ARROW —2700: A special pyrethrum dust 
used only by the mushroom industry. 


McCORMICK’S PYRETHRUM POWDER: Ground 
extremely fine—contains more killing particles per 
pound—remains suspended in the air longer. 


McCORMICK’S DERRIS AND CUBE POWDERS: 
Finest ground powders in the world. Standardized at 
4% rotenone. 


McCORMICK’S ROTENONE DUST 34%: Contains 
%4% rotenone, plus all the other toxic ingredients of 
rotenone-bearing roots. 


THE McCormick SALEs Co. 


Distributors of Pyrethrum and 
Derris Insecticides 


cCORMICK’S Pyrethrum and Derris Products are standard- 
ized analytically and biologically by graduate chemists and 
entomologists in the McCormick Laboratories—the most com- 
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RELIABLE INSECTICIDES 


A dependable source of supply of reliable insecticides for buyers in the 
western half of the United States. For more than 20 years, manufacturers 
and distributors of dusts, sprays, dusting machines, spreaders and agri- 
cultural chemicals. 

Manufacturers of genuine Nico-Dust, the original nicotine dust. Importers, 
millers and extractors of pyrethrum and rotenone products. We have the 
only complete plant on the Pacific coast for milling and extracting botanical 
plants. Rotenone and pyrethrum powders, extracts, sprays and dusts. 


A complete line of vegetable dusts made from standard insecticides such as 
cryolite, copper, arsenicals, rotenone, pyrethrum, nicotine, etc. 
Exclusive Distributors for the famous Grun Knapsack Duster. 
Distributors for Root power and hand guns. 


All products manufactured and tested under careful chemical and entomologi- 


cal supervision. 
We will be glad to submit samples and we welcome inquiries. 


NICO-DUST MANUFACTURING CO. 
2412 East 57th St. Los Angeles, Calif. 
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